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IN  THREE  FARTS. 
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T  H  E 


PR  E  F  A  G  E. 


THU  Logarithms  may  juft  ly  be  efteemd 
the  principalJnventi'on  of  modem  Ages, 
on  account  of  their  excellent  and  moft 
fextenfive  Ufe  in  Mathematical  Literature,  yet 
tt  may  with  equal  Truth  be  faid,  that  little 
more  is  known  of  them,  generally  /peaking, 
than  their  practical  Ufe  in  fame  Rules  of  com¬ 
mon  Arithmetic  and  trigonometrical  Calcula¬ 


tions  5  (and  how  few  are  perfect  in  this  !) 
For  ( faith  the  great  Improver  of  this  Art,  the 
learned  Tdr.  Halley)  “  I  find  very  few  of 
thofe ,  who  make  conftant  ufe  of  'Logarithms, 
£C  have  attain  d  an  adequate  Notion  of  them  , 
to  know  how  to  make  or  examine  them ,  or. 
cc  to  underfund  the  Extent  of  the  Ufe  of 
c'c  them :  contenting  themf elves  with  the  Ta~ 
u  bles  of  them,  as  they  find  them,  without 
i£  daring  to  queftidn  them,  or  caring  to  know, 
how  to  rectify  them,  fioould  they  be  found. 


(C 


c  c. 


amifs  >  being ,  I  fuppofe,  under  the  Appre- 
henjion  of  feme  great  ^Difficulty  therein,  deed 

A  z  For 


IV 


PREFACE. 


For  the  fake  of  fuch  Ferfons  the  following 
Treatife  is  principally  intended 3  wherein  they 
will  find  every  thing  necejfary  relating  to  the 
Theory  and  Practice  of  this  admirable  Art. 

For,  as  to  the  Theory,  (the  principal  Part, 
and  fo  very  rarely  known)  I  have  exhibited 
all  the  Methods,  whereby  it  has  been  taught 
and  explain  d  by  the  Inventor,  and  fever al 
Improvers  thereof \  fnce  his  time  3  as  by  the 
Extraction  of  Roots  3  by  the  Logarithmic  Curve 
from  F)r.  Kcil ;  by  an  Infinite  Series,  from  cDr. 
Halley  3  by  the  Method  0/Tluxions,  from  Mr. 
Ditton  3  by  the  Hyperbola, Mr.  Domkyj 
by  the  Equiangular  Spiral,  from  Halley,  W allis* 
fire.  by  the  large  Logarithmic  Scale,  of  my  own 
conftmCting  :  the  like  to  which ,  for  Large- 
nefs,  was  never  before  publifhed  3  for  a  com - 
Account  of  which  fee  Chap.  X.  of  the 

/• 

I  fay ,  by  all  thefe  various  Methods  I  have 
endeavour  d  to  explain,  illuitrate,  and  facili¬ 
tate  the  Knowledge  of  the  Nature,  Proper¬ 
ties,  and  Coriftrudipn  of  thofe  excellent  Num¬ 
bers,  called  Logarithms.  1  have  alfo  exem¬ 
plified  the  Manner  of  making  Logarithms  for 
the  prime  Numbers,  by  many  and  different 
Examples,  and  in  fiver  al  ways  >  and  have 
taken  all  pojfible  Care  to  render  this  mo [l  ab- 
ftrufe  and  difficult  Fart ,  as  eafy  and  intelli¬ 
gible,  as  the  Nature  of  the  Subject  will 
admit. 

«  * 

.  Having 
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Having  thus  explain  d  the  Nature  of  Lo¬ 
garithms,  I  then  flew  how  they  are  laid  on 
Inftruments,  and  thereby  the  Conftrudion  of 
the  Artificial  Lines  of  Numbers,  Sines,  and 
Tangents  ?  fir  ft  contrived  by  the  famous  Geo¬ 
meter ,  Mr.  Gunter  of  Grefham-College  $  and 
for  that  reafon  they  are  ftill  called  Gunters 
Line,  and  all  together  Gunter  s  Scale. 

Laftly ,  1  have  largely  explain  d  the  Na¬ 
ture ,  and  jhewn  the  Manner  of  making  or 
conftruhiing  the  Logiftical  Logarithms,  accor¬ 
ding  to  ShakedeyV  andStrccts  Form  thereof? 
and  which  1  have  not  feen  done  by  any  other 
Hand. 

Thefe  things  together  will ,  1  hope ,  be  al¬ 
low  d  to  make  a  regular,  univerfal,  and  com- 
pleat  Theory  of  Logarithms,  common  and  lo¬ 
giftical,  for  Integers  and  Fractions,  numeri¬ 
cal  and  inftrumental  ?  and  fach ,  as  for  Bre¬ 
vity,  yet  Copioufnefs  and  Variety,  has  not 
been  before  extant. 

As  touching  the  Praxis,  or  Ufe  of  Loga¬ 
rithms,  which  makes  the  fecond  Fart  of  this 
Work ,  I  have  made  it  as  compleat  and  per- 
fell  as  pojjible  ?  having  illuftrated  all  the 
Rules  o  f  Pradice  with  all  theV ariety  of  Ex¬ 
amples  I  could  devife ,  that  were  necejfary. 
And  that  none  may  be  unapprizid  o  f  the  mo (l 
extenfive  Service  of  Logarithms  in  the  Mathe¬ 
matical  Difciplines,  1  have  applied  them  to  the 

Arithmetic 


vi  P  R  E  F  A  C  E. 

Arithmetic  of  all  kinds  of  Numbers  3  to  Tri' 
gonometry,  in  the  Solution  of  all  Cafes  of 
Plain  and  Spherical  Triangles  3  to  Mercator's 
*  Sailing  particularly  y  flowing  how  all  its  Cafes 
may  be  refold d  folely  by  the  Canon  of  Loga¬ 
rithmic  Tangents  ;  to  the  Me nfuration  of  Su¬ 
perficies  and  Solids,  &c.  All  which  are  fun¬ 
damental  Operations,  and  may  each  of  them 
be  extended  or  branched  out  into  particular 
Sciences  3  but  that  would  have  been  too  te¬ 
dious  a  Tasky  and  not  ahfohitely  necefary  to 
my  Deflgn.  I  have  therefore  only  applied  the 
Doctrine  of  Menfuratiori  to  the  Arts  of  Gaug¬ 
ing,  Timber- Meafure,  and  Surveying;  becaufe 
they  are  the  mo  ft  common  and  necefary  Arts 
in  Life  >  and  becaufe  the  Ufe  of  Gunters 
Scale,  and  Sliding-Rule  ( though  before  fully 
t aught ,  and  all  along  applied  3  yet)  tn  them 
is  more  extenfive  and  various  than  in  any  0- 
ther  Arts :  and  therefore  I  have  taken  care 
not  only  to  flew  all  the  different  ways  ofufing 
thofe  inftruments,  but  likewife  the  Rationale 
of  every  Operation  3  a  Matter  of  the  great  eft 
Importance ,  and  too  often  neglect edy  in  Books 
which  treat  thereof 

La  fly i  I  have  in  the  loft  Chapter  given  a 
Variety  of  Examples  of  the  Ufe  of  Logiftical 
Logarithms  in  the  praftical  Parts  of  Aftronomy; 
both  with  reflect  to  Time  and.  Motion,  have 
made  it  appear  that  Street's  Logiftical  Loga¬ 
rithms  anfwer  all  the  Ends  of  ShakerlcyV ; 
and  how  they  are  to  be  ufed  along  with  the 
Common  Logarithms  of  Numbers,  Sines,  and 

Tangents. 
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Tangents.  And  throughout  this  fecond  Part, 
as  well  as  the  firft,  you  will  find  a  great 
Variety  of'  new  and  life f id  Particulars ,  not 
here  to  be  exprefsd. 

The  Third  Part  ofi  this  Work  conjtfis  ofi  a 
three-fold  Canon  of  Logarithms,  viz.  (i.)  Of 
common  Numbers  from  i  to  iooooj  and  is 
tuff  cient  for  any  Number  under  10000000  by 
proper  Rules.  (2).  Of  Sines  and  Tangents  to 
every  Degree  and  Minute  of  the  Quadrant, 
(?•)  ®f  Logiftical  Logarithms  of  Mr.  Street V 
form.  Concerning  which  Tables ,  I fliall  only 
vbferve  two  things  in  general,  viz. 

Firft ,  that  they  are  here  contrived  in  a 
new  and  moft  compendious  Form,  ecpually  eafy 
and  ufeful  as  tkofe  of  the  common  Forms  thd 
in  this  they  take  up  but  one  half  the  room ,  as 
they  do  in  that.  An  Abbreviation  very  com¬ 
modious,  and  I  hope  will  prove  acceptable. 

Secondly  s  the  Correct  nefs  of  thefe  is  a 
matter  of  the  laft  Concern,  and  the  great  eft 
Argument  to  recommend  them.  In  order  to 
prove  this,  I  need  only  fay,  that  thofe  large 
Tables  of  Mr.  Sherwinh*  are  granted  to  be  the 
moft  correct  of  any  extant,  from  the  moft 
careful  and  exquifite  Method  he  took  to  make 
them  fo ,  which  fee  in  his  Preface. 

1 

From  thefe  large  Tables  thus  correct,  I 
have  made  mine,  every  Figure  of  the  two 
firft  Tables  with  my  own  Hand ;  in  doing 

which 
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which,  I  difcoverd  feveral  Errors ,  here  and 
there ,  as  I  went  along ,  in  them,  as  exact  as 
they  were ,  which  accordingly  correcting  in 
mine,  1  can,  I  p re fame,  jujily  pronounce  my 
Tables  the  moft  certain  and  exa&,  as  well  as 
the  moft  compendious  of  any  in  being . 

*  •.  -  »  t 

Having  thus  largely  declared  the  feveral 
Tarts  of  this  Work,  and  fhewn  the  Reader 
what  an  ufeful  Variety  he  may  expeffi  to  meet 
with  both  in  the  Theory,  Praxis,  and  Tables, 
of  this  moft  ufeful  and  excellent  Art  j  I  muft 
leave  it  to  himfelf  to  ufe  or  reject  it,  as  he 
Co  all  judge  of  the  Merits  thereof 
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CHAR  I. 

Of  the  Definition ,  Origin ,  and  Nature  of 
Logarithms. 

i.  fT^FIE  beft  Definition  of  thofe  Numbers 
we  call  Logarithms ,  is  contain’d  in  the 
very  Name  or  Word  ( Logarithm )  it- 
felf ;  for  it  is  compofed  of  the  two 
Greek  Words  Xoym  which  properly  or  lite¬ 

rally  lignify,  a  Number  of  Ratio's:  and  a  Logarithm 
is  no  other  than  a  Number,  which  denotes  or  ftiews 
what  Number  of  Ratio's  is  contain’d  between  Unity  * 
and  that  Number  of  which  it  is  faid  to  be  the  Lo¬ 
garithm. 

2.  Whence  ’tis  evident,  that  in  order  to  have  a 
clear  Notion  of  Logarithms ,  *tis  abfolutely  neceilary 
to  underhand  firft,  and  that  very  well,  what  is 
meant  by  the  Word  Ratio ,  or  Ratio's ,  as  here  ufed 
in  the  Definition  of  Logarithms,  and  making  an  ef- 
fential  part  thereof. 

3.  Ratio ,  then9  is  a  certain  mutual  Habitude  of 
Magnitudes  of  the  fame  kind ,  according  to  Quantity . 
This  is  Euclid's  Definition.:  in  which  four  things 
muft  be  obferv’d  j  as  (1.)  he  faith  Ratio  is  a  certain 
mutual  Habitude  j  by  which  he  means  no  more  t'han 

B  what 
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what  we  commonly  call  the  Proportion  of  any  two 
things  of  a  like  fort  to  each  other ,  when  by  us  they 
are  compar’d  together.  (2.)  Pie  ufeth  the  general 
Word  Magnitude  to  denote,  that  all  Subjects  of  Quan¬ 
tity ,  as  Numbers ,  Lines,  Superficies ,  and  Solids ,  are 
capable  of  fuch  Ratio ,  Habitude ,  or  Proportion ,  as 
aforefaid.  (3.)  Pie  adds  this  ReftriCtion,  0/ y^/0* 
;  thereby  infinuating  there  can  be  no  Ratio  or 
Proportion  of  Quantity  between  Magnitudes  of  a  i//- 
ferent  kind  \  thus  we  cannot  compare  a  to  a 
Superficies  ;  becaufe  the  Quantity  of  a  Line  is  efti- 
mated  in  Length  only,  but  the  Quantity  of  a  Super¬ 
ficies  arifeth  from  the  joint  Confideration  of  Length 
and  Breadth,  or  the  ProduCt  of  each,  and  fo  im- 
porteth  Space  •,  which  is  entirely  different  from  a 
Line,  and  therefore  thefe  two  things  cannot  be  the 
Terms  of  Ratio  or  Comparifon.  (4.)  Laftly,  he 
fays,  this  Ratio  is  according  to  Quantity  ;  that  is, 
we  compare  Magnitudes  in  this  Cafe,  only  to  ob- 
ferve  and  maintain  the  Proportion  of  Greatnefs  or 
Bulk  which  is  between  them  ;  cr  to  find  how  often , 
or  how  many  times ,  one  lejfer  Magnitude  is  contain’d 
in  another  greater  Magnitude  ;  neglecting  all  other 
Confiderations  and  Affections  of  the  faid  Magni¬ 
tudes. 

4.  Pfaving  thus  confider’d  the  general  Nature  of 
Ratio's  or  Proportions  *,  I  (hall  apply  it  to  Numbers , 
as  they  are  immediately  the  SubjeCt  of  Logarithms . 
The  Ratio  therefore,  or  Proportion  of  a  Number  to 
a  Number  is  two-fold  ;  for  find  the  Ratio  of  a  greater 
Number  to  a  lejfer  may  confift  in  the  Addition  of 
fome  certain  Number  to  that  lejfer  Number  \  thus  the 
Ratio  of  6  to  2  is  made  by  adding  4  to  2.  And 
if  from  Unity  you  begin  the  conftant  Addition  of 
the  fame  Number,  fuppofe  2,  you  will  then  have  a 
Series  of  Numbers,  whofe  Differences  will  be  the 
fame,  as  1,  2,  4,  6,  8,  10,  12,  &5V.  and  fuch  Num¬ 
bers  are  faid  to  be  in  Arithmetical  Proportion  or  Pro - 

greffion  s 
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grejffion ;  and  this  common  Difference  of  the  Terms, 
as  here  2  is  called  the  Ratio  of  the  Progreflion. 

5.  Secondly,  the  Ratio  of  a  greater  Number  to  a 
leffer  may  confift  in  a  Multiplication  of  the  Lejffer 
Number  by  fome  other  Number  ;  thus  the  Ratio  of 
12  to  4,  is  made  by  multiplying  4  by  3  *,  and  if 
from  Unity  you  begin  a  conftant  Multiplication  by 
the  fame  Number >  fuppofe  2,  you  will  then  have  a 
Series  of  Numbers,  as  1,  2,  4,  8,  16,  32,  64,  &c. 
which  are  faid  to  be  in  Geometrical  Proportion ,  or 
Progreffion  ;  and  the  common  Multiplier ,  as  here  2, 
is  called  the  Geometrical  Ratio  of  this  Progrefhon. 

6.  Wherefore  in  the  two  Series  or  Progrdhons  of 
Numbers,  viz. 

Arith.  1,  2,  4,  6,  8,  10,  12,  14,  tdV. 

Geom.  1,  2,  4,  8,  16,  32,  64,  128,  &V. 

’tis  eafv  to  obferve,  that  as  the  fecond  Term  ex- 
ceeds  the  fir.ft  by  one  Ratio,  fo  the  third  Term  ex¬ 
ceeds  the  firft  by  two  Ratio’s,  the  fourth  by  three 
Ratio’s,  the  fifth  by  four  Ratio’s,  &c.  Thus  in  the 
Arithmetical  Series,  the  Ratio  of  4  to  1,  is  double 
of  the  Ratio  of  2  to  1  ;  the  Ratio  of  6  to  1,  is  tri¬ 
ple  the  Ratio  of  2  to  1  i  the  Ratio  of  8  to  1,  is 
quadruple  the  Ratio  of  2  to  1,  &c.  And  in  the 
Geometrical  Series,  the  Ratio  of  4  to  1  is  the  du¬ 
plicate  of  the  Ratio  of  2  to  1  5  the  Ratio  of  8  to  1 
is  triplicate  of  the  Ratio  of  2  to  1,  and  the  Ratio 

of  16  to  1  is  quadruplicate  of  the  Ratio  of  2  to  1, 

and  fo  on.  Where  ’tis  to  be  obferved,  that  the 
Words,  double ,  triple ,  quadruple ,  &c.  are  proper  to 
the  Ratio’s  of  the  Arithmetical  Series ,  and  imply  the 
Addition  of  them  only  *,  but  the  Terms  duplicate , 
triplicate ,  quadruplicate ,  &c.  are  proper  to  the  Geo¬ 
metrical  Series ,  and  imply  the  Multiplication  of  thofe 
Ratio's. 

7.  What  has  been  thus  far  related  of  the  Dodfrine 
of  Ratio’s,  is  fufficient  for  our  prefent  purpofe,  viz. 
the  underftanding  the  Nature  of  Logarithms.  For 

B  2  fuppofe 


4  Of  the  Definition ,  Origin , 

fappofe  a  Series  of  Numbers  in  Arithmetical  Progref 
fion ,  beginning  from  o,  and  whofe  Ratio ,  or  com¬ 
mon  Difference,  is  Unity  or  i  •,  and  to  them  be 
adapted  a  Series  in  Geometrical  Progrefion ,  beginning 
from  Unity  ;  and  whofe  common  Ratio  be  any  af- 
ftgn’d  Number,  fuppofe  2,  as  before  ;  then  will 
thofe  two  Series  (land  as  below  : 

5  Arith.  o.  1.2.3.  4.  5.  6.  7.  8.  9  ffr. 

^  '  *  Geom.i.  2. 4.  8.  x6.  32.  64. 128.  256.  512.&V. 

8.  5TIs  evident  the  Numbers  in  the  fir  ft  Series 
{hew  the  Number  of  Ratio’s  between  their  corre- 
fpondent  Numbers  and  Unity  in  the  fecond  Series. 
For  inftance,  the  Figure  2  in  the  firft  Series,  ftiews 
the  Ratio’s  between  its  correfponding  Number  4  and 
1,  in  the  lower  Series,  are  2  *,  the  Numbers  5,  7,  9, 
in  the  upper  Series,  thew  the  Number  of  Ratio’s  be¬ 
tween  their  correfponding  Numbers  32,  128,  512, 
and  1  or  Unity,  in  the  lower  Series,  to  be  refpedlively 
5,  7,  and  9  *,  or  that  the  Ratio  is  fo  often  repeated 
from  Unity  to  thofe  Numbers,  and  confequently  fo 
often  compounded  in  them  •,  or  farther,  that  the 
Ratio  of  32  to  1  is  compounded  of  five  times  the  Ra¬ 
tio  of  2  to  1  ;  and  the  Ratio  of  128  to  1,  of  feven 
times  the  Ratio  of  2  to  1  *,  and  the  Ratio  of  512 
to  1,  of  nines  times  the  Ratio  of  2  to  1. 

9.  Wherefore  fince  the  Numbers  in  the  upper  Se¬ 
ries  fhew  the  Number  of  Ratio’s  contain’d  between 
their  correfponding  Numbers  and  Unity  in  the  lower 
Series  ;  therefore  thofe  Numbers  in  the  upper  Series 
in  Arithmetical  Progreftion  fhall  be  the  Logarithms 
of  the  Numbers  in  the  lower  Series  of  Geometrical 
Progreftion,  and  that  according  to  the  Definition  of 
Logarithms  beforegoing. 

10.  From  the  faid  Series,  ’tis  farther  manifeft, 
that  the  Product  of  any  two  Terms  in  the  lower 
Series  correfponds  to  the  Sum  of  their  refpe&ive 
Terms  in  the  upper  Series.  See  the  following  Ex¬ 
amples. 


Arith. 


s 

9- 
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Arith.  or 
Logar. 
Geom.  or 
N.Num. 


{  2  4”  3 — *  5*5  24~  4 —  6?  34“  6  — 

5  4  x  32  ;  4  x  1 6  =  64 ;  8  x  64  = 


5 1 2* 


Alfo  if  any  two  Numbers  in  the  lower  Series  be  di¬ 
vided  the  one  by  the  other,  the  Quotient  thence  a- 
rifing  fhall  correspond  to  the  Difference  of  the  r effec¬ 
tive  Numbers  in  the  upper  Series.  Examples  in 


Arith.  5  —  3  =  2;  6  —  2—  4;  9  —  3=  6. 

Geom.  32-7-8  =  4;  64  —  4  =  1 6 ;  512-7-8=  64. 

11.  And  univerfally,  if  any  four  contiguous  Num¬ 
bers  be  taken  in  the  fecond  Series,  as  the  Product 
of  the  Extremes  is  equal  to  the  Product  of  the 
Means  ;  fo  in  the  fir  ft  Series  of  the  four  correfpon- 
ding  Numbers,  the  Sum  of  the  Extremes  will  be 
equal  to  the  Sum  of  the  Means;  as  in  the  Examples 
below. 


Arith.  i+  4—2+3=  5;  3+6=  4+  5=  9. 

Geom.  2  x  16=4  x  8=32  ;  8  x  64=16  x  32=512. 

and  vice  verfa. 

12.  Again  the  Square ,  Cube,  &c.  of  any  Number 
in  the  lower  Series  of  Geometrical  will  be  anfwer’d 
by  double,  triple ,  &c.  the  correfponding  Number 
in  the  upper  Series  in  Arithmetical  Ratio  ;  for  Ex¬ 
ample  ; 

%  5  Arith.  2x2=  4;  4x  2=  8;  ox 2=0. 

uare  1  ^  7  7  r  r 

1  Geom.  4x4=16;  16  x  16=256;  1  x  1  =  1. 

Thp  Cnhe'f  Ar’t^lmet-‘  •  1  x  3~3  5  3X  3  =  9- 

t  Geomet.  2  x  2  x  2=8.  8x8x8  =  512. 

And  the  Converfe  of  this  Article  is  alfo  true  ;  as  is 
evident  enough  without  example. 

13.  It  appears  then  by  thefe  fix  laft  Articles,  that 
Logarithms  are  a  Series  of  Numbers  in  Arithmetical 
Progreffion ,  fo  fitted  and  adapted  to  another  Series  of 
Numbers  in  Geometrical  Progreffion ,  as  that  each 

1  Term 
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Term  of  the  jirft  fall  expound  (or  he  the  Exponent 
of)  the  Ratio  of  its  correfpondent  Term  to  Unity  in 
the  fecond  Series.  And  that  on  this  very  Principle  : 
For  every  Addition ,  Subftraction ,  Multiplication ,  or 
Divifion  of  the  Logarithmic  Numbers  there  corre- 
fponds  a  mutual  Multiplication ,  Divifion ,  Involution  y 
and  Extraction  of  the  refpeCtive  "Terms  in  the  Geo¬ 
metrical  Series. 

14.  Now  ’tis  a  Matter  entirely  arbitrary  or  indif¬ 
ferent,  what  Number  be  made  the  firft  Term  in  ei¬ 
ther  Series  ;  for  ftnce  the  firft  are  made  by  equal 
Additions ,  the  latter  by  equal  Multiplication ,  be  the 
Ratio  what  it  will,  the  former  will  ftill  be  the  Loga¬ 
rithms  of  the  latter  \  as  is  evident  in  the  Table  ad¬ 
join’d. 


Series  of  Logarithms. 

6 

1 

1 

3 

6 

7 

0 

0 

18 

2 

2 

5 

7 

12 

1 

10 

54 

4 

3 

7 

8 

l7 

2 

20 

162 

8 

4 

9 

9 

22 

3 

30 

486 

16 

5 

j  1 

10 

27 

4 

40 

i458 

32 

6 

13 

1 1 

32 

5 

5° 

4374 

64 

1  7 

15 

12 

37 

6 

60 

13122 

128 

8 

*7 

*3 

42 

7 

70 

39366 

2  56 

9 

*9 

14 

47 

8 

80 

1 18098 

512 

10 

21 

1 5 

52 

9 

90 

354294 

1024 

1 1 

23 

16 

57 

10 

100 

15.  Wherefore  to  the  fame  Series  of  Proportio¬ 
nals  there  may  be  an  infinite  Number  of  Series  or 
Scales  of  Logarithms  contrived;  and  vice  verfa.  Yet 
of  all  thofe  infinite  kinds  of  Logarithms,  only  thofe 
whofe  firft  Term  is  o,  and  the  common  Difference  1, 
10,  100,  &c.  are  adapted  for  ufe.  Becaufe  if  the 
firft  Term  be  a  fignificant  Figure,  we  rnuft  necefla- 
rily  have  refpetft  to  it  in  ufe  ;  and  fo,  in  this  cafe, 

four 
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four  Terms  of  the  Logarithmic al  Series  becomes  un¬ 
avoidable  ;  whereas  if  o  be  the  fir  ft  Term,  three 
other  Terms  only  fuffice  in  the  Multiplication  of  any 
two  Proportionals  whatever :  for  the  Sum  of  their 
Logarithms  will  point  out  the  Produ5iy  and  fhew 
its  Place ,  that  is,  its  Diftance  from,  or  Ratio  to, 
the  firft  Term  of  that  Scale  of  Proportionals.  But 
if  the  firft  Perm  in  the  Scale  of  Logarithms  were 
fignificant,  it  muft  be  fubdudted  from  the  Sum  of 
the  Mean,  in  order  to  find  the  Produdt  of  the  two 
Proportionals ,  &c.  as  before:  and  fo  we  fhould  per¬ 
petually  have  double  Labour  in  every  Operation.  All 
this  is  evident  from  the  different  Series  of  Loga¬ 
rithms  in  the  foregoing  Table. 

1 6.  This  being  the  Nature,  and  fuch  the  won¬ 
derful  Properties  of  thofe  Numbers  called  Loga¬ 
rithms,  5tis  natural  to  fuppofe  that  he  who  firft  dis¬ 
cover’d  them,  would  make  fuch  a  noble  Difcovery 
as  fubfervient  as  poffible  to  the  IJfes  of  Life,  for  the 
general  Benefit  of  Mankind,  but  more  immediately  of 
Artifts  or  Mathematicians. 

ij.  Now  to  do  this,  ’twas 
neceftary  to  calculate  and  fit 
a  Scale  or  Canon  of  Loga¬ 
rithms  to  all  Numbers  which 
Men  commonly  make  ufe  of 
in  Bufmefs,  that  fo  the  Fa¬ 
tigue  and  Labour  of  Multi - 
plying.  Dividing ,  &c.  large 
Sums  or  Numbers  might  be 
avoided  by  only  the  Addition  or  Subftradtion,  &c, 
of  Logarithms.  And  of  confequence  nothing  lefs 
than  a  general  Fable  of  Logarithms  for  all  Numbers 
between  Unity,  or  i  and  xooooooor  iooooooo,  could 
fuffice  ;  becaufe  no  Number  muft  here  be  wanting, 
as  in  the  other  intermitting  Series  i,  2,  4,  8,  16,  &ca 
fince  general  Ufe  requires  them  all,  and  therefore 
their  Logarithms, 

18, 


Proport. 

Logarith. 

to 

IOO 

1000! 

IOOOO! 

IOOCOO 

IOOOOOO 

0.0000000 

1. 0000000 

2.0000000 

3.0000000 

4.0000000 

5.0000000 

6.0000000 

8  Of  the  Definition ,  Origin ,  &c. 

1 8.  Towards  this  ’twas  eafy  to  find  Logarithms 
for  a  Series  of  Numbers  proceeding  in  a  Decuple 
Proportion  or  Ratio  from  Unity,  as  i,  io,  ioo,  1000, 
GV.  in  the  Table  above.  For  putting  o  =  Loga¬ 
rithm  of  i  ;  and  i  =  Logarithm  of  io  ;  the  Loga¬ 
rithm  of  ioo  will  be  2  ;  and  of  1000,  3  ;  and  fo  on 
from  what  I  have  already  faid. 

19.  But  the  Difficulty  all  confided  in  finding  the 
Logarithms  for  the  intermediate  Numbers  between 
1  and  10,  10  and  100,  100  and  1000,  &c.  or  thofe 
of  them  which  are  called  Prime  Numbers ,  becaufe 
they  being  once  found,  the  Logarithms  of  all  others 
are  eafily  obtain’d,  as  we  fhall  fee  by  and  by. 

20.  Now  tho*  the  Numbers  1,  2,  3,  4,  5,  6,  7, 
8,  9,  are  not  in  Geometrical  Proportion  (but  indeed 
in  an  Arithmetical  one )  and  fo  their  Logarithms  not 
to  be  obtain’d  like  the  Logarithms  of  thofe  which 
are  fo,  yet  as  the  Ratio  of  10  to  1,  fnews  only  what 
Diftance ,  or  how  far  10  is  from  Unity  in  the  Scale 
of  Proportion,  and  that  the  Numbers  2,  3,  4,  5, 
&c.  pofTefs  feverally  a  certain  part  of  that  Didance, 
if  the  faid  Ratio  or  Didance  of  10  to  1,  be  fuppofed 
to  be  divided  into  a  vad  number  of  equal  Partsy 
fuppofe  10000000,  &c.  }tis  evident  a  certain  number 
of  thofe  equal  Parts  are  to  be  allotted  to  the  Num¬ 
bers  2,  3,  4,  5,  &c.  which  fhall  as  truly  exprefs  the 
Diftances  from,  or  the  Ratio's  of  thofe  feveral  Num¬ 
bers  to  Unity,  as  that  of  10  to  Unity  is  exprefs’d  by 
the  whole  Number  10000000. 

21.  This  indefinite  Number  (1000000,  Gr.)  of 
equal  Parts ,  into  which  the  whole  Ratio  of  10  to  1, 
is  divided,  may  be  conceived  as  a  Number  of  fo 
many  [mail  Radio's  or  Ratiuncula ,  fince  they  are  all 
equal  to  each  other.  And  fo  f:nce  the  whole  Num¬ 
ber  of  RatyuncuU  between  10  and  1,  is  the  Loga¬ 
rithm  of  10  to  1  ;  therefore  that  Number  of  thofe 
RatiuncuU  which  lie  between,  or  exprefs  the  Di¬ 
ftance  of  2,  3,  GV.  to  1,  fhall  alfo  be  as  much  the 

Logarithms 
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■Logarithms  of  thofe  Numbers  2,  3,  tftc.  or,  rathers 
of  their  Ratio’s  to  Unity.  And  thus  it  appears  that 
even  the  Logarithms  of  2,  3,  4,  5,  &c.  (and  for 
the  fame  Reafon)  11,  12,  13,  &e.  21,  22,  23,  fcfr. 
10 1 5  102,  103,  &c.  may  be  found  to  as  great  Ex- 
adnefs  as  is  neceffary.  The  Method  of  doing  this 
by  Numbers ,  fhall  be  the  Subjed  of  the  next  Chap¬ 
ter. 


CHAP.  II. 

Of  the  Method  of  making  a  liable  of  Logarithms 

by  plain  Arithmetic. 

i.  TTTAving  explain’d  the  Nature  and  Properties 

JL  X  of  Logarithms,  and  fhewn  not  only  how 
they  are  adapted  to  Series  of  Geometrical  Pro¬ 
portionals,  but  alfo  by  what  means  they  are  to  be 
calculated  for  all  Numbers  from  Unity  to  any  large 
Number  either  above  or  below  it : 

2.  The  Method  or  Procefs  it  felf,  then,  of  doing 
this,  is  the  next  thing  to  be  propofed  ;  an  ar¬ 
duous  Lajk  this,  to  him  that  firft  aggrefs’d  it !  At 
fuch  an  Enterprize,  he  indeed  might  truly  have  faid. 
Hie  Labor ,  hoe  Opus  eft .  And  this  any  but  an  in¬ 
human  Reader  will  be  convinced  of,  by  viewing  the 
following  tedious  and  laborious  Procefs  for  gaining 
the  Logarithm  of  one  (ingle  Prime  Number,  and 
that  only  to  feven  Places  of  Figures. 

3.  For,  as  I  faid  before,  *tis  fuxlicient  to  produce 
the  Logarithms  of  Prime  Numbers  only,  becaufe^  by 
the  Addition ,  Subftradion,  &c.  of  thefe,  we  obtain 
the  Logarithms  of  all  Compofit  Numbers,  with 
Eafe ;  as  will  appear  further  on.  Now,  tho’  there 
are  but  three  Prime  Numbers*  viz,  3,  5,  7,  between 
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i  and  10  •,  yet,  becaufe  the  Logarithm  of  no  Num¬ 
ber  between  i  and  10  can  be  found  by  the  Loga¬ 
rithms  of  any  of  the  Proportionals  i,  io,  ioo,  1000, 
it  follows,  that  the  Logarithm  of  any  one  of 
the  nine  Digits  is  found  with  equal  Difficulty  for  the 
firff.  Therefore  I  fhall  give  an  Example  in  finding 
the  Logarithm  for  the  Number  9. 

4.  The  Number  10,  then,  being  already  fuppofed 
at  fuch  a  Diftance  from  Unity  as  contains  10000000 
equal  Parts  or  Ratiunculce,  which  is  the  Logarithm 
of  10  *,  therefore  to  find  the  Logarithm  of  9,  is  to 
find  how  many,  or  what  Number  of  thofe  Ratiuncul £ 
are  contain’d  between  1  and  9,  which  is  done  in  the 
following  Manner. 

5.  Firff,  make  A=i,  whofe  Log.  is  0.0 000000  ; 
and  B— 10,  which  Logarithm  1. 0000000  ;  as  in  the 
Table  below. 

Secondly,  between  A  and  B,  or  1  and  10,  find  a 
Mean  Geometrical  Proportional  C— 3 . 1 6  2  2  7  7  7  •,  the 
Logarithm  whereof  will  be  half  the  Logarithm  of  10, 
viz.  5000000. 

Thirdly,  becaufe  C  is  much  lefs  than  9,  find  an¬ 
other  Mean  Proportional  0—5.623413  between  B 
and  C  ;  whofe  Logarithm  will  be  an  Arithmetical 
Mean  between  the  Logarithms  of  B  and  C,  viz, 

0.7500000. 

Fourthly,  becaufe  D  is  (fill  much  lefs  than  9,  find 
another  Geometrical  Mean  between  B  and  D,  viz. 
£=7.4989421,  whofe  Logarithm  is  an  Arithmetical 
Mean  between  thofe  of  B  and  D,  viz.. 0.8 7500000. 

Fifthly,  fince  E  is  yet  much  lefs  than  9,  find  yet 
another  Geometrical  Mean  F=8. 659643 2,  between 
B  and  E  ;  the  Logarithm  of  which  will  be  an  Arith¬ 
metical  Mean  0.937^0000,  between  thofe  of  B 
and  E. 

6.  And  thus  continue  finding  Mean  Geometrical 
Proportionals  between  the  Numbers  next  Greater  and 
next  Lejfer  than  9,  till  you  arrive  to  the  Number  9 

itlelf, 
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itfelf,  which  fhall  be  clear 
Cyphers ,  to  the  Number  ol 
will  happen  at  the  twenty 
the  following  Table. 

Proportionals. 


A 

1. 0000000 

C 

3. 1622777 

B 

10.0000000 

B 

10.0000000 

D 

5. 6234^2 

C 

3.1 622777 

B 

10.0000000 

E 

7.498942 1 

D 

5.6234132 

B 

io.ooooooo 

F 

8.6596432 

E 

7.498942 1 

B 

10.0000000 

G 

9. 3057204 

F 

8.6596432 

G 

9.3057204 

H 

8.97687 13 

F 

8.6596432 

G 

9.3057204 

I 

9. 1398 170 

H 

8.9768713 

~tr 

1 

9.1398170 

1C 

90579777 

H 

8,976871  3 

K 

90579777 

L 

9-° 1 73333 

H 

8.97687  r  3 

L 

9-° 1 7  33  3  3 

M 

8.9970796 

H 

8.97687  I  3 

.  C 
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of  all  other  Figures,  but 
Places  propofed  ;  which 
fixth  Trial,  as  you  fee  in 

Logarithms. 


0.00000000 
0.50000000 
1.00000000 
1. 00000000 
0.75000000 
0.50000006 

I.OCOOOOOO 

0.875000  00 
0.75000000 
1. 00000000 
o. 93750000 
0.87500000 
1.00000000 
°*968  75000 

0  •9375°00° 

o.  96875000 
0,95312500 

o,9375oo°o 

0.96875000 

°-96o9375° 

0.95312500 

°-96o9375° 
o-957°3i 2  5 

O.953  12  500 

"09^763725 

O  955078 1 2 
O.953  1  5OO 

o  95507  S 1-2 
0.954 10156 
0.953 1 2500 
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Proportionals.  Logarithms, 


L 

9-OI73333 

o.955°78i2 

N 

9.0072008 

o.95458984 

M 

8.9970796 

0.95410156 

N 

9.007200S 

0.95458984 

O 

9.0021388 

0.9543457° 

M 

8.9970796 

0.95410156 

Q 

9.0021388 

°-9543457° 

p 

8.9996088 

0.95422363 

M 

8.9970796 

O.954IOI56 

O 

9.0021388 

°9543457° 

9.0008737 

0.95428467 

p 

8.9996088 

O.9  5422  3  63 

9.0008737 

O.95428467 

R 

9,0002412 

°’954254I5 

P 

8.9996088 

0.95422363 

R 

9.0002412 

°-954254I5 

S 

§-999925° 

0.95423889 

P 

8.9996088 

O.95422363 

K 

9.0002412 

°-9542541 5 

T 

9.OOOO83I 

0.95424652 

S 

8.999925° 

0.95423889 

T 

9.OOOO83I 

0.95424652 

V 

9.OOOOO4I 

a.  9.54242  71 

S 

8.999925O 

9.95423889 

V 

9.OOOOO4I 

0.95424271 

X 

8.999965O 

0.95424080 

s 

8.999925O 

0.95423889 

V 

9.OOOOO4I 

°-9542427I 

Y 

8.OOOO845 

0.95424217 

X 

8.999965° 

O.95424O80 

V 

9.OOOOO4I 

0.95424271 

z 

8.9999943 

0.95424223 

Y 

8.OOOO845 

0.954242  I7 

C^hap.  II.  a  'table  of  L  o 
Proportionals. 


V 

9.0000041 

a 

8.9999992 

Z 

8-9999943 

V 

9.OOOOO4I 

b 

9.OOOOOI6 

a 

8.9999992 

b 

9.OOOOOI6 

C 

9.OOOOOO4 

a 

8.9  999992 

c 

9.0000004 

d 

8.9999998 

a 

8.9999992 

e 

9.OOOOOO4 

e 

9.0000000 

d 

8.9999998 
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0.95424271 

0.95424247 

0.95424223 

0.95424271 

0.95424259 

0.95424247 

0.95424259 

0.95424253 

0.95424247 

0.95424253 

0.95424250 

0.95424247 

0.95424253 

°-9542425I 
0.954242  50 


7.  Thus,  after  a  long  and  laborious  Calculation, 
(con lifting  of  26  Multiplications  and  Extractions  of 
large  Numbers)  we  at  length  have  obtain’d  the  Lo¬ 
garithm  of  9,  viz.  0.95424251,  which  is  exaCt ly 
true  to  7  Places  or  Figures :  That  is,  if  the  Loga¬ 
rithm,  or  Diftance  of  10  from  Unity  be  fuppofed  to 
confift  of  10000000  equal  Parts,  then  the  Diftance 
of  9  from  Unity  fhall  conftft  of  9542425  of  thofe  e- 
qual  Parts  precifely  •,  which  therefore  is  the  Loga¬ 
rithm  of  9,  becaufe  it  expreftes  the  Ratio  of  9  to  r. 
If  the  faid  Logarithm,  or  Diftance  of  10  from  Unity 
were  fuppofed  to  conftft  of  100000. 00000. 00000.- 
00000.  00000.  00000.  00000.  00000  00000.00000.- 
oocoo.oooooo  equal  Parts  ;  then  the  Diftance  of  9 
from  1, would  6695424/25094.30324.87459.00558.- 
06510.  23061. 84002.  57728.  38139. 17296. 597313 
of  the  fame  equal  Parts ;  and  is  its  Logarithm  to  62 
Places  of  Figures.  But  the  Reader  is  not  to  imagine 
that  this  prodigious  Logarithm  v/as  produced  by  the 

1  fore- 
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foregoing  operofe  Method  :  No  ;  for  thoJ  5tis  not 
impoffible,  ’tis  impracticable  by  that  Method  ^  but 
it  is  the  ProduCt  of  modern  Invention  *,  an  Inftance 
of  which  will  be  given  in  due  Place. 

8.  Having  thus  found  the  Log.  of  9=0. 9542425 
if  it  be  divided  by  2,  the  Quotient  or  Half,  0.477 12 12 
will  be  the  Logarithm  of  3,  by  the  Converfe  of  Ar¬ 
ticle  12.  Chap.  1.  The  Double  of  the  Logarithm 
of  9  is  the  Logarithm  of  8 1=1.9084850  by  the  fame 
Article.  And  thus  by  a  continual  Multiplication  of 
this  one  Logarithm  by  2,  3,  4,  5,  &c.  you  gain  the 
Logarithms  of  all  the  Powers  of  Nine. 

9.  5Tis  farther  evident,  that  if  the  Ratio  of  10  to 
1,  100  to  10,  1000  to  100,  &c.  be  fuppofed  only 
Unity  or  1,  as  expreffed  in  the  Table  of  Art.  17. 
Chap.  I.  the  Logarithm  of  Nine,  viz.  0.95424225 
will  be  no  other  than  a  Decimal  Fraction,  whole  De¬ 
nominator  is  the  faid  Ratio ,  or  Unity,  with  Cyphers 
annex’d,  thus  rbooLcbo- 
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9=0.9542425 
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100=2.  OOOOOOO 


:I.  OOOOOOO 
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1 1  •'Too  00000 


729: 


-  9  s  6  ?  7  ?•  7  S 
•  fooooooo 


1 000=3.  OOOOOOO 

10.  Hence  ?tis  obvious  that  the  Logarithms  are 
only  the  Decimal  Parts  of  ieveral  Ratio’s ,  1,  2,  3, 
of  10,  100,  1000,  &c.  to  Unity  ;  and  that 
thofe  Ratio’s  themfelves  make  the  integral  Part  of 
the  tnixt  Decimal  Logarithm,  (as  I  may  call  it.) 
Thefe  integral  Parts  of  thofe  mint  Decimal  Loga¬ 
rithms,  then  are  what  we  calf  the  Indexes,  or  rather 
Indices ,  of  thofe  Logarithms,  or  fractional  Parts  ; 
wherefore,  the  Ratio’s  of  10,  100,  1000,  10000, 
100000,  &c.  to  Unity,  are  the  Indices  of  or  belong¬ 
ing  to  the  Logarithms  of  all  intermediate  Numbers  im¬ 
mediately 
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mediately  above  thofe  Proportionals .  So  the  Ratio  of 
10  to  i,  viz.  1,  is  the  Index  of  the  .Logarithms  of 
all  Numbers  between  10  and  100.  And  2  (the 
Ratio  of  ioo  to  1)  is  the  Index  of  all  Logarithms  of 
Numbers,  from  100  to  1000,  and  fo  on. 

11.  From  whence  ’tis  eafy  to  obferve,  That  the 
Index  of  any  Logarithm  contains  a  Number  of  Units 
lefs  by  one  than  is  the  Number  of  Figures  in  that  Num¬ 
ber  which  belongs  to  thefaid  Logarithm . 


Therefore  f 
theNum~q  ff1 
ber  h 729 


:ooo 


12.  Now  as  this  Index  is  thus  called,  from  its  in¬ 
dicating  or  (hewing  how  many  Places  of  Figures 
there  are  in  the  Number  of  the  Logarithm  ;  fo,  on 
the  contrary,  the  Number  of  the  Logarithm,  as 
plainly  fhews  what  the  Index  of  the  Logarithm  muft 
be.  And  therefore,  fmce  in  the  Tables  of  Logarithms, 
all  the  Numbers  of  thofe  Logarithms  are  appoftely 
placed  in  proper  Columns  by  them,  ’tis  entirely  need- 
lefs  to  print  the  Indices ,  as  being  W’ell  enough  known 
by  the  Numbers  ;  and  thus  they  are  (for  this  Rea- 
fon)  omitted  in  feveral  of  the  faid  Tables  ;  and  con- 
fequently  in  thofe  we  have  here,  in  fo  concife  a  Formy 
now  hr  ft  of  all  made  publick. 

13.  What  has  been  faid  hitherto,  relates  altoge¬ 
ther  to  the  Logarithms  of  Whole  Numbers  ;  but  the 
fame  Dodlrine  is  equally  applicable  both  in  Theory  and 
Practice ,  to  fractional  Numbers  ;  for  in  Effedt,  the 
Properties  of  Decimal  and  Whole  Numbers  are  the 
fame.  Thus  the  Series  of  decuple  Proportionals ,  i5 
10,  100,  1000,  ioooo,  &c.  may  be  continued  as 
well  below  Unity,  as  above  it ;  for  the  following  Rank 
of  Numbers,  viz.  tFszz,  Toot,  nnn  1%,  i>  10,  100, 
1000,  10000,  &c.  which  may  be  thus  exprefs’d, 
0,0001,  o,ooi,  o.oi,  0, 1 ,  1 ,  io5  100,  1000, 
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idooo,  Ific.  are  all  in  a  Geometrical  Decuple  Ratio 
or  Proportion  *,  and  confequently  equally  diftant  from 
Unity  on  each  Side,  and  fo  their  Logarithms  equi- 
different,  and  the  fame.  The  Ratio’s  then,  in  the 
Scale  above  Unity,  may  be  called  Pofitive  Ratio's ± 
and  thofe  below  Unity,  Negative  Ratio's ;  and  thus 
the  Index  of  a  Logarithm  of  a  Whole  Number ,  or  In¬ 
teger^  fhall  b t  pofitive^  but  the  Index  of  the  Loga¬ 
rithm  of  Fr allion  fhall  be  negative . 

14.  And  fince  Vulgar  Fr  all  ions ,  Duodecimal ,  Sex- 
agefimal ,  &c.  Fradtions,  are  all  reducible  to  Decimals  ; 
’tis  evident  that  all  Numerical  Arithmetic  whatfoever 
is  fubjedt  to,  and  manageable  by  this  Art  of  Logarithm 
mi  cal  Arithmetic .  The  only  Difficulty  being  in  ad¬ 
apting  or  readily  finding  the  proper  Index  to  the 
Logarithm  of  a  Decimal  Number.  For,  fince  the 
Index  in  the  Logarithm  of  Integers ,  fhews  only  the 
Number  of  Places  or  Figures  in  the  faid  Integers,  ’tis 
plain  thofe  Indices  decreafe ,  as  the  Places  of  Figures 
in  the  Integer  decreafe,  and  intirely  vaniffi  when 
thofe  Places  of  Figures  become  Unity  or  one,  that 
is,  the  Index  is  then  o  ;  and  confequently  cannot 
ferve  for  Decimal  Numbers . 

15.  Therefore  fome  new  kind  of  Indices  or  Cha¬ 
racter  iftics  muft  be  invented,  which  fhall  be  proper 
only  to  Decimal  Numbers ,  as  the  other  are  to  Inte¬ 
gers  \  and  fuch  as  fhall  as  readily  difeover  the  Num¬ 
ber  of  Cyphers  to  be  prefix'd  to  the  fignificant  Figures 
in  the  Decimal,  as  the  other  determine  the  Number 
of  Figures  in  the  Integer ,  are  in  the  fame  degree  ufe- 
ful  for  Decimals ,  as  they  for  Integers.  For  as  to  the 
fignificant  Figures  of  the  Decimal  the  Logarithm  it 
felf  difeovers  them  *,  all  therefore  that  is  farther  necef- 
fary,  is  to  procure  filch  Indices  as  fhall  at  all  times 
denote  how  far ,  or  how  many  Places  from  Unity ,  the 
firft  fignificant  Figure  of  the  Decimal  muft  ftand  ;  or, 
which  amounts  to  the  fame,  how  many  Cyphers  muft 
be  prefix'd  to  compleat  the  true  Value  of  the  Decimal.- 


Chap. II.  a  Table  ^Logarithms; 
i  6.  The  Indices  fox  ~~  — ■ 


Integers 
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CO 


o 

GJ 
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475OO  =4.6766936 
4750=3.6766936 
475=2.6766936 
47>5=  1-6766936 
4.75=  0.6766936 

>475—9-6766936 

,047  5=.  8. 676693  6 
,00475=7.6766936 
,000475“  6.6766936 
,0000475=.  5.6766936 


this  Purpofe  are  there¬ 
fore  judg’d  belt,  which 
being  fubfir acted  from 
9,  jhall  have  a  Re 
mainder  expr effing  the 
Number  of  Cyphers  to 
be  prefix* d\  thus  the 
Index  of  a  Decimal 
whofe  firft  Figure  (to 
the  Left,)  is  fignificant, 
muft  be  9,  becaufe  9 — 9=0,  that  is  no  Cypher  is  to 
be  prefix’d.  And  thus,  a  Decimal  that  has  1,  2,  3, 
4,  Cypher s9  muft  have  the  Indices ,  accordingly 

8,  7,  6,  5,  becauie  9 — 8=1,  9 — 7=2,  9 — 6=3, 

9—5=4,  LtV.  denoting  the  Cyphers  to  be  prefix’d  to 
the  Decimal  Numbers .  This  is  evident  by  the  Ex¬ 
amples  in  the  Table  above  ;  but  it  is  proper  to  dott 
thefe  new  Indices  on  each  Side ,  to  diftinguifh  ’em 
from  thofe  which  belong  to  the  Logarithms  of  In¬ 
tegers. 

17.  From  all  that  has  been  faid  hitherto,  *tis  evi¬ 
dent,  that  while  the fignificant  Figures  in  any  Number 
whatever,  Integral  or  Decimal,  are  the  fame,  the  Lo¬ 
garithm  of  thofe  Figures  will  be  the  fame  alfo  ;  the 
Variation  occafion’d  by  the  differing  Nature  of  the 
Number,  being  only  in  the  Indices ,  as  denoted  in 
the  faid  Table.  But  fomething  farther  will  be  faid 
of  the  Nature  and  Variety  of  Indices ,  when  we  come 
to  treat  of  the  Practical  Rules  of  Addition  and  Sub - 
ftrablion  of  Logarithms  j  I  lhall  now  proceed  to  the 
next  Chapter,  wherein  the  myfterious  Nature ,  or  Doc¬ 
trine  of  Logarithms  will  be  farther  illuftrated,  and 
render’d  more  obvious  to  the  Senfes  by  Geometrical 
Schemes  and  Demonfir  at  ions. 
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CHAP.  III. 

Sfhe  Doctrine  of  the  Nature  and  Properties  of  Lo¬ 
garithms  farther  explained  and  illufrated , 
means  of  the  Log  arithmic  Curve. 

i.T  N  explaining  the  Nature  of  Logarithms  from 
JL  the  Logarithmic  Curve ,  ’twill  be  expedient  to 
reprefent  Proportional  Quantities  by  Letters  or  Species  \ 
as  being  fuited  to  a  more  univerfal  Theory  than  Num¬ 
bers,  and  better  applicable  to  Right  Lines ,  by  which 
alone  both  Numbers  and  their  Logarithms  are  repre- 
fented  in  the  Geometrical  Method  now  before  us. 

2.  In  a  Series  of  Proportionals ,  then,  increafing 
from  Unity,  let  the  firft  be  ~a  \  then  will  the  Se¬ 
ries  be  i,  a \  a %  ^3,  ^4,  a\  &c.  where  ’tis  evident 
the  Indices  or  Exponents  of  the  feveral  Powers  of  a> 
are  a  Series  of  Numbers  in  Arithmetical  Progreffiony 
each  whereof  fhews  the  Place  or  Diftance  of  its  Term 
from  Unity  ;  thus  the  Term  a 4  is  fhewn  by  its  Index 
4  to  be  in  the  fourth  Place  from  Unity  *,  and  a *  is  in 
the  fifth  Place  or  a 4  and  a *  are  four  and  five  times 
more  diftant  from  Unity  than  the  firJITerm  a  *  which 
is  here  the  common  Ratio  alfo. 

3.  From  hence  you  obferve,  that  the  Exponents 
of  the  Powers  of  the  Terms  in  the  Series  1 ,  a\  a % 
a 2,  a*>  a *,  a 6,  #7,  &c.  are  the  Logarithms  of  thofe 
Terms  refpedtively.  Let  the  Exponent  be  z=e  *,  then 

{the  Terms,  1 ,  a ,  #  <2,  j  aaaaa ,  aaaaaa ,  &c. 

theExpon.  o,  2^,  3*,  4^,  5?,  6^, 

Therefore 

c  As  aaxaaa—a' ;  axa*z=:a6  *,  and  aaxaaa\/'Hz=:a*\d'ai 
tSo  2 ^*+"3^5^  *,  and  2<?+3^=5^. 

and  fo  every  where,  agreeable  to  the  Nature  of  L?- 

garithms 
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garithms  before  defcrib’d,  in  the  two  preceding  Chap¬ 
ters. 

4.  If  between  1  and  a  there  be  put  one  mean  Pro¬ 
portional ,  viz.  its  Index  or  Exponent  muft  be 

. —  * 

wrote  I ;  thus  v  ^  — ax  *,  for  o,  L  1,  have  an  Arith - 
j  metical  Ratio  ;  and  fo  the  Terms  1,  a ,  are  G^» 

1  metrical  Proportionals .  Thus,  a  Proportional 
between  ^  and  is  tfV' a—al^=af.  Alfo  if  you 
conceive  two  mean  Proportionals  between  1  and  a9 

t  they  {hall  be  a T,  a1  *,  for  1 :  a?  ::  a% :  a ;  and  o,  4,  7, 
1,  have  an  Difference . 

5.  Moreover  the  fame  Series  of  Geometrical  Pro¬ 
portionals  may  be  continued  both  ways,  and  be  made 
decreafing  as  well  as  increafing ;  that  is,  it  may  as 
well  defcend  below  Unity  to  the  left  Hand ,  as  afcend 

above  it  to  the  Right.  Thus  the  Terms  a^y  a±y  a^y 
i,  1,  a ,  az7  a 3,  £4,  &c.  are  all  in  the  fame 

Geometrical  Progreffion.  And  fince  the  Diftance  of 
a 1  from  Unity  towards  the  right  Hand  is  pofitivey  and 

denoted  by  the  pofitive  Exponent  •+•  2  ;  fo  a?  being, 
equally  diftant  on  the  contrary  Sidey  or  below  Unity , 
and  this  Diftance  being  negative ,  therefore  the  Ex¬ 
ponent  thereof  may  be  thus  negatively  exprefs*d3 

a~~2  —dP  1 ,  and  fo  a1  is  the  fame  as  a  3  j  thus  the 

Series  a  7 ,  a  /  a  /  d~~2  y  a  \  eP  y  <3% 

a*y  a\  &c.  is  the  fame  as  the  laft  foregoing. 

6.  Therefore,  in  thofe  Series,  if  a  reprefent  any 
Right  Line  (fee  Fig.  1.)  aay  or  the  Square  thereof, 
is  not  to  be  taken  as  a  Quantity  of  two  Dimenfions ,  or 
Surface ,  viz.  a  Geometrical  Square  ;  but  only  as  a 
Line  that  is  a  third  Proportional  to  fome  Line  taken 
as  Unity ,  and  the  Line  a .  So  likewife  aaxay  or  aaa , 
is  not'  a  Quantity  of  three  Dimenfionsy  or  a  Geometri¬ 
cal  Cube  ;  but  a  Line  that  the  fourth  Term  or  Pro¬ 
portional  in  a  Geometrical  Series ,  whofe firjl  Term  is  1, 
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and  fecond  a.  And  thus  you  are  to  conceive  of  all 
the  reft  ^  viz.  fimply  as  Proportionals  of  Length 

only. 

7.  This  being  premifed  then,  if  on  any  Line,  as 
AN  (Fig.  2.)  both  ways  indefinitely  extended  from  A, 
be  taken  the  equal  Diftances  AC=CEe=EG— GI= 
IL=LN,  to  the  right  Hand',  and  Ac“ce=eg,  &c. 
on  the  left  ;  and  if  on  the  Points  g,  e,  c,  A,  C,  E, 
G,  I,  L,  N,  be  eredled  to  the  Right  Line  gN,  the 
Perpendiculars  gh,  ef,  cd,  AB,  CD,  EF,  GH,  IK, 
LM,  NO,  which  let  be  in  a  continual  Geometrical 
Proportion  to  each  other,  and  reprefent  Numbers , 
whereof  AB=i,  or  Unity.  The  Tops  of  thefe 
lanes  being  duely  join’d,  from  what  is  call’d  the 
Logarithmetic  Curve ,  viz.  hBHG  ;  by  which  we 
are  farther  to  explain  and  illuftrate  the  Nature  and 
Properties  of  Logarithms. 

8.  But  a  more  compleat  Idea  of  the  Logarithmical 
Curve ,  may  be  conceiv’d  by  a  twofold  Motion  of  the 
Line  AB  ;  the  one  equable ,  the  other  accelerated  or 
retarded  in  any  given  Geometrical  Ratio :  For  Ex¬ 
ample,  if  the  Right  Line  AB  moves  uniformly  along 
the  AN,  fo  that  the  End  A  defcribes  equal  Spaces 
AC==CE— EG,  E5Y.  in  equal  Limes  *,  while  in  the 
fame  Time  the  faid  Line  AB  fo  increafes ,  that  the 
Increments  thereof  generated  in  equal  Limes ,  be  pro¬ 
portional  to  the  whole  increafing  Line  ;  that  is,  if  AB 
in  moving  forward  to  ab,  be  increased  by  the  Incre¬ 
ment  ob ,  and  in  an  equal  Lime ,  when  it  comes  to  CD, 
the  Increment  thereof  is  Dp  •,  and  Dp  :  ab  ::  bo  :  AB  ; 
then  the  End  B  of  the  faid  Line  AB  thus  continually 
increafing  or  decreafng  in  the  fame  Ratio ,  will  defcribe 
the  Logarithmic  Curve.  F"or  fince  AB  :  bo  ::  ab  :  Dp 
::  DC  :dq ,  &c.  it  fhall  be,  by  Compofition  of  Ratio, 
as  AB  :  ab  ::  ab:  DC  ::  DC  :  dc  ;  and  fo  on. 

9.  Since  (from  what  has  been  faid)  the  Lane 
AB=i,  and  the  other  Lines  CD,  EF,  GH,  C5V.  pro¬ 
ceed  from  thence  to  increafe  in  a  Geometrical  Ratio , 

and 
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and  their  Diftances  AC,  CE,  EG,  &c.  are  all  equal 
to  each  other  (by  Art .  7.)  Therefore  it  follows  that 
the  Diftances  or  Lines  AC,  AE,  AG,  &c.  are  thq 
Logarithms  of  thofe  Numbers  reprefented  by  the 
Right  Lines  CD,  EF,  GH,  &c.  according  to  the 
Definition  of  Logarithms,  Chap.  I.  Art.  1,  and  13. 
For  if  AC— 1,  then  AE=2,  AGi=3,  &c.  and  fo  in 
the  Series  of  proportional  Numbers  AB,  CD,  EF, 
GH,  IK,  LM,  NO,  (Ac.  we  have  the  Logarithms 
o,  AC,  AE,  AG,  AI,  AL,  AN,  ?  r  *> 

0,1  AC,  2  AC,  3 AC,  4 AC,  5 AC,  6  AC, 3  * 

10.  As  Logarithms,  then,  are  the  Exponents  of  the 
Ratio’s  of  proportional  Numbers  to  Unity  in  any  Se¬ 
ries  ;  or  fhew  the  Place ,  Power ,  or  Order  of  the 
Numbers  with  refpedt  thereto;  ’tis  plain  that  the 
Logarithm  of  AB  or  Unity  mull:  be  — o,  becaufe  U- 
nity  is  not  diftant  from  it  felf.  Alfo  if  the  Ratio  of 
CD  to  AB  be  — v,  then  (hall  the  Ratio  of  the  Num¬ 
ber  EF  to  AB— ^  x  x—xx ;  or  Duplicate  of  the  former ; 
and  the  Ratio  of  GH  to  AB— xxxxx~xz,  ot  Tripli¬ 
cate  of  the  fir  ft  Ratio  x.  Thus  the  Ratio  of  NO  *0 
AR=zv6.  And  confequently  the  Numbers ,  their  Ra¬ 
tio’s ,  and  Logarithms ,  will  ftand  in  the  following 
Order  uiz 

Prop.N0.  AB,  CD,  EF,  GH,  IK,  LM,  NO,  (Ac. 
Ratio’s  ...  1,  x,  x\  xz,  #4,  x\  #6,  (Ac. 
Logarithms  o,  AC,  2  AC,  3  AC,4AC,5AC,  6AC,(Ac. 

11.  If  four  Numbers  be  fuch,  that  the  Diftance 
between  the  firft  and  fiecond ,  be  equal  to  the  Dihance 
between  the  third  and  fourth,  (be  the  Diftance  be¬ 
tween  the  fecond  and  third  what  it  will)  then  thefe 
Numbers  will  be  proportional  ;  for  let  the  four 
Numbers  be  AB,  CD,  LM,  and  NO  ;  then  becaufe 
AC=LN,  it  will  be  AB  :  Dp ::  LM  :  OT,  by  Art.  8. 
Therefore  (by  Compofition  of  Ratio)  AB  :  DC::  LM 
:  NO.  And  thus  of  any  other  four  Numbers  in  the 
Geometric  Series.  The  Converfie  alfo  of  this  Propo¬ 
rtion  is  as  manifeftly  true. 
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12.  Since  AB=i,  and  its  Logarithm  =o ;  and 
fince  Unity  is  to  the  Multiplier  as  the  Multiplicand  is 
to  the  Produff,  in  every  Multiplication  ;  therefore  to 
every  Addition  of  Logarithms ,  there  correfponds  a 
Multiplication  of  their  Numbers „  Thus, 

Numbers,  CDxEF“GH  •,  and  EFxIK— NO. 
Logarithms,  AC- 1- AE— AG -j  andAE-FAI— AN. 

And  in  Divijion ,  lince  Unity  is  to  the  Divtfor  as  the 
Quotient  to  the  Dividend ;  then  (by  Art.  n.)  for 
every  Subfir aff ion  or  Difference  of  Logarithms ,  there 
correfponds  a  Divifion  of  their  Numbers .  Thus, 

Numbers,  GH-EF-CD;  and  NO~EF=IK. 
Logarithms, AG — AE=AC  ;  fo  AN — AEznAL 

agreeably  to  what  was  fhewn  in  Chap .  I.  Art.  io. 

13*  Again,  fince  Unity ,  any‘  ajjum'd  Number ,  the 
Square  thereof,  the  Cube,  the  Biquadrate ,  &c.  are  all 
continual  Proportionals ,  their  j Qiftances  from  each 
other  will  be  to  one  another  ;  and  are  therefore 
as  the  Numbers  AB,  CD,  EF,  GEI,  &c.  in  the  Se¬ 
ries.  Confequently  if  the  Diitance  or  Logarithm  of 
the  Number  CD  be  multiplied  by  2,  3,  4,  &c.  there 
will  anfwer  an  Involution  of  the  faid  Number  to  the 
Square ,  Cube,  Biquadrate ,  &c.  Power. 

Thus  for  the  Square 

Numb.  CDxCDrzEF  •,  and  EFxEF— IK. 

Log.  ACx2=AE;  fo  AEx2— AI. 

For  the  Cube 

Numb.  CDxCDxCD^rGH ;  and  EFxEFxEE— NO. 
Log.  A  x  3  =  AG  ;  and  fo  AE  x  3  =AN. 

For  the  Biquadrate 

Numb.  CDxCDxCDxCD  (=EFxEF)=IK. 

Log.  ACx  4  m  (  AEx2— )  AI. 

Which  is  the  fame  as  was  obferved  in  Chap.  I. 
rt  1 2 

14.  If  the  equal  DiFances  AC,  CE,  EG,  GI,  IL, 
be  bifedlei,  and  in  the  Points  of  Bifedtior.  a ,  c ,  e,g,  /, 

there 
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there  be  ere&ed  the  Perpendiculars  ab ,  cd ,  ef,  gh ,  ; 

thefe,  by  means  of  the  Curve,  will  be  all  Proportio¬ 
nals  *,  and  the  Number  LM  will  be  in  the  tenth 
Place  from  Unity  %r  AB  :  if  then  we  put  LM=io, 
and  fuppofe  its  Ratio  to  Unity  be  10000000,  fuch 
RatiunculiS ,  as  that  of  no  to  AB,  or  Unity  is  1. 
Then  will  the  'Numbers  and  their  Logarithms  he  as 
exprefs’d  in  the  following  Table. 


Numbers. 

Logarithms. ' 

AB  =  1 

0. 

ab  =  1.259,  &V. 

A  a  =  1000000 

CD  =  1.585,  &c. 

AC  =  2000000 

cd  =  1.996,  &c. 

Ac  =  3000000 

EF  =2.512,  &c. 

AE=  4000000 

ef  =  3-l6h  &c- 

Ae  =  5000000 

GH=  3.982,  &c. 

AG—  6000000 

gh  =  5.072,  fcfo 

A g  =  70Q0000 

IK  =6.310,  &c. 

A I  =  8000000 

ik  =  7.944,  &c. 

A  i  =  9000000 

LM=  10. 

AL  =10000000. 

Numbers. 

Logarithms. 

AB  =  1 

0 

CD  =  2 

AC  =  3010300 

EF  =  3 

AE  =  4771212 

GH  =  4 

AG  =  6020600 

IK  =  5 

AI  =  6989700 

LM  =  6 

AL  =  7781512 

NO  =  7 

AN=  8450980 

PO  =  8 

AP  =  9030900 

RS  =  g 

AR  =  9542425 

TV  =10 

AT  =10000000 

15.  If  BKV  (Fig.  III.)  be  the  Logarithmefic 
Curve ,  and  AB=i,  TV=io,  or  10AB ;  and  all 
the  intermediate  Lines  CD,  EF,  GH,  &c .  be  as 
Digits  2,  3,  4,  &V,  to  10  i  thefe  Lines  will  befitu- 

ated 
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ated  at  unequal  Diftances  from  each  other  ;  and  fo 
their  Logarithms  AC,  AE,  AG,  &V.  not  proceeding 
to  increafe  by  equal  Differences,  fhew  the  Numbers 

AB,  CD,  EF,  &c.  are  not  ordinately  (or  all  of  them) 
in  a  Geometrical  Ratio  or  Proportion.  If  the  Ratio 
of  10  to  i,  or  TV  to  AB  be  fuppofed  to  confift  of 
10000000  Ratiuncul<e9  and  confequently  the  whole 
Logarithm  AT  of  10000000  equal  Parts ,  then  the 
Diftances  of  each  of  the  nine  Digits  from  Unity,  viz . 

AC,  AE,  AG,  &c.  fhall  confift  of  fuch  Numbers 
of  thofe  fmall  equal  Parts ,  as  are  expreffed  in  the 
Table,  oppofite  to  the  faid  Digits. 

1 6.  Yet  fince  fome  of  the  Digits  are  in  a  Geome¬ 
tric  Ratio ,  as  i,  2,  4,  8,  their  Logarithms  will  be 
equidifferent ;  fo  AC—CG— GP ;  and  becaufe  1:3:: 
3:9,  there  is  AE=ER  ;  and  thus  it  appears  that 
tho*  the  nine  Digits  are  not  all  in  continual  Geometri¬ 
cal  Proportion ,  yet  fome  of  them  are  fo  ;  and  the 
reft  are  fome  of  thofe  Proportionals ,  of  which  there 
be  10000000  between  AB=i,  and  TV=io.  If 
the  jirft  Term  from  Unity  be  called  x9  the  fecond 
will  be  the  third  #3,  &c.  and  fince  the  Number 
10  is  the  10000000th  Term  of  the  Series,  it  will  be 
TVz^IOOOOOOO=io.  Alfo  CD-P010300=2  ;  and 
EF=#477I1IL=:3  •,  and  fo  on.  Whence  every  Digit 
is  fome  Power  of  that  Number  which  is  the  firft  Pro¬ 
portional  from  Unity  :  The  Exponents  or  Indices  of 
the  Powers  being  the  Logarithms  of  the  Numbers , 
agreeable  to  Art.  10.  of  this. 
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C  H  A  P.  IV, 

The  Nature  of  Logarithms  and  their  Indices 
*, when  the  Numbers  are  Fractions ,  farther  ex~ 
plaind  by  the  Logarithmic  Curve. 

eTITE  have  hitherto  principally  confidered  the 
W  Nature  and  Properties  of  Logarithms  of 
whole  Numbers  or  Integers ,  and  have  obferv’d  that 
in  the  Decuple  Series  i,  10,  ioo,  1000,  &c.  the 
Terms  have  their  Ratio’s  to  Unity  affirmative  or po- 
fitive ,  viz.  i,  2,  3,  &c.  or  thus,  -f-i,  -(-2,  +3, 
£sfc.  the  contrary  of  which  happens  when  the  Num¬ 
ber  of  the  Logarithm  is  not  integral ,  but  fractional * 
or  exprefles  only  fome  fractionate  Part  of  Unity.  For 
there  the  Series  being  continued  on  the  other  Side ,  or 
below  Unity ,  hath  the  Indices  of  the  Powers  of  the 
Terms  of  a  Quality  dire&Iy  oppofite  to  the  former; 
and  therefore  as  thofe  Indices  were  pofitive ,  fo  thefe 
will  be  of, a  negative  Nature ,  and  import  the  Terms 
to  be  below  the  State  of  Unity ,  or  rather  of  Integrity  % 
and  will  be  affeded  with  the  Sign — ,  as — 15  - — 2, 

* — 3,  &c.  as  is  evident  Chap.  III.  Art.  5. 

2.  Wherefore  fince  AB  reprefents  Unity ,  (Fig.  II.) 
all  the  Numbers  in  the  Series  towards  the  right  Hand% 
or  above  Unity ,  CD,  EF,  GH,  &c.  being  integrals 
and  having  the  Ratio  greater  than  Unity ,  will  have 
the  Logarithms  thereof  pofitive ,  viz.  -FAC*  -FAE, 
-FAG,  &c%  But  thofe  Numbers  or  Terms  on  the 
Left ,  or  below  Unity*  cd,  ef,  gh,  £sV.  being  frac¬ 
tionate  ^  and  haying  the  Ratio  lefs  than  Unity  or  de- 
creafing ,  will  have  the  Logarithms  thereof  Negative, 
m,  —Ac,  — Ae}  -~*Ag,  And  fo  the.  Indices 
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of  thofe  Logarithms  will  be  refpe&ively  affirmative 
or  negative. 

3.  Since  then  (as  hath  been  all  along  (hewn)  the  In¬ 
dices  of  the  Logarithms  of  Integers ,  as  being  affirma¬ 
tive ,  mufc  be  added ,  that  fo  their  Sum  may  indicate 
the  Produll  of  the  Numbers  multiplied  *,  as  AC-ft- AE 
=AG,  which  fhews  that  its  Number  GH=sCDxEF, 
the  Numbers  multiplied  *,  fo  if  the  Index  of  one  Lo¬ 
garithm  be  negative ,  and  the  Index  of  another  be  af¬ 
firmative^  the  Difference  of  thofe  two  Indices  mu  ft 
be  taken  for  the  Produdl  of  the  Numbers.  Thus  to 
multiply  the  Integer  GH  by  the  Decimal  cd,  their  In¬ 
dices  being  -LAG,  and  — Ac,  their  Difference 
AG — A=AE,  and  fhew  the  Number  EF  is  the 
Product  of  the  other  two.  And  here,  becaufe  the 
greater  Index  GH  is  affirmative ,  the  Difference  alfo 
AE  is  affirmative ,  and  the  Produdl  EF  to  be  an  In¬ 
teger  or  on  the  right  Hand  of  Unity. 

4.  But  if  the  Decimal  gh  be  to  be  multiplied  by  the 
Integer  CD,  whofe  affirmative  Logarithm  or  Index 
AC  is  the  negative  Index  of  the  Decimal ,  viz. 
Ag,  their  Difference  Ag  —  AC  =  Ae,  is  negative 
alfo,  and  fo  fhews  the  Product  ef  will  be  a  Decimal , 
or  below  Unity.  Again,  if  both  the  Indices  of  Loga¬ 
rithms  ,  whofe  Numbers  are  to  be  multiplied ,  are  ne¬ 
gative ,  their  Sum  fhall  be  a  negative  Index  whofe  Lo¬ 
garithm  points  out  the  Produdl  (in  this  Cafe)  always  a 
Decimal ,  or  in  the  Series  below  Unity  AB.  For  Ex¬ 
ample,  to  multiply  the  two  Decimals  cd,  ef,  the  Sum 
of  their  negative  Indices  Ac-LAe—Ag  is  negative , 
and  fhews  the  Decimal  Produff  gh,  ever  below  Unity. 

5.  The  Reafon  of  all  which  is  very  plain ;  for 
fince  Unity  is  to  the  Multiplier  as  the  Multiplicand  to 
the  Produb and  the  Logarithm  of  Unity  is  =0  ; 
Unity ,  any  two  Numbers  and  their  Produft ,  together 
with  their  IndiceSy  will  ftand  as  follows : 

I. 
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5  Ind.  o,  AC,  AE,  AG, 
x‘  1  Num.AB  :  CD  ::  EF  :  GH, 

,  r  r  AC  AE  =  AG  +  o  =  AG, 
therefore  }  CD  x  EF  =  GH  x  i  =  GH. 


o,  “Ac,  +AG,  -f-AE, 

AB  :  cd  ::  GH  :  EF. 

,  c  c  AG — ■  Ac  =:  AE  o  =  AE, 

therefore  |  GH  x  cd  _EF  x  j  _  £F. 


S 


3-  { 

therefore  | 


o,  4~AC,  — Ag,  — Ae, 

AB  :  CD  ::  gh  :  ef, 

AC  —  Ag  —  o  —  Ae  =  —  Ae, 
CD  x  gh  =  1  x  ef  =  ef. 


therefore  j 


o,  —Ac,  — Ae,  — Ag, 

AB  :  cd  ::  ef  :  gh, 

Ae  ~h  Ac  =  o  —  Ag  zz  —  Ag. 
ef  x  cd  =  ix  gh  =  gh. 


6.  From  whence  Jtis  evident,  if  the  Numbers  are 
both  Integers ,  the  Product  will  fall  in  the  Scale  above 
( or  be  greater  than)  either  ;  if  they  be  of  different 
Sorts ,  the  Product  will  fall  between  them,  above 
Unity  if  the  greater  Number  be  an  Integer ,  or  below 
Unity ,  if  it  be  a  Decimal.  Eaftly,  if  both  the  Num¬ 
bers  be  Decimals,  the  Product  will  fall  below  Unity 
and  them  both ,  or  will  be  lefs  than  either  of  them. 
Thefe  things  well  obferv'd  and  underftood ,  make  all 
the  Myftery  of  the  Arithmetic  of  Fractions  by  Loga¬ 
rithms  vanifh,  where  it  is  taught  with  the  Ufe  of  ne¬ 
gative  Indices  to  Logarithms  of  fractional  Numbers^ 
as  it  is  to  be  found  in  fome  Books.  Note ,  I  have  all 
along  in  this  Chapter,  faid  affirmative  or  negative  In¬ 
dices ,  and  not  affirmative  and  negative  Logarithms  % 
becaufe  the  Indices  only  fhew  the  Quality  of  the 
Numbers ,  viz.  whether  above  or  below  Unity,  greater 
or  leffier  than  it,  i.  e.  whether  they  be  Integers ,  or 
wholly  Fruitions  \  and  therefore  thefe  Indices  muft  be 
carefully  added  or  fubjtralted ,  as  occafion  requires, 
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and  as  before  directed  *,  but  the  Logarithms  {hewing 
the  Diftances  of  Numbers  from  Unity  indifferently , 
or  without  refpeft  to  the  Order  of  above  or  below ,  are 
always  to  be  added . 

7.  But  fince  this  Method  of  negative  or  different 
Indices  to  Logarithms  is  attended  with  Addition ,  Sub- 
ftrattion ,  and  other  intricate  Cautions  peculiar  to 
themfelves,  it  can’t  be  recommended  fo  much  as  an¬ 
other  Method  more  approv'd ,  and  therefore  more  ge¬ 
nerally  ufed  \  wherein  the  Indices  of  all  Logarithms , 
(both  of  fractional  as  well  as  integral  Numbers)  un¬ 
dergo  the  fame  common  Management  with  their  Lo¬ 
garithms  •,  and  fo  can’t  be  fo  difficult  to  Learners  as 
the  other  *,  tho’  it  is  alfo  attended  with  particular 
Rules ,  as  you’ll  find  farther  on,  and  is  as  follows  : 
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Numbers. 

Indices. 

Logs. 

it 

4—1 

2 

OOOOOOOOO I 

0  — 

10  0  90.0000000 

rs  — 

,000000001 

tr  1=  — 

9  91- 

OOOOOOO 

pq= 

,00000001 

tP  =  — 

8.  2.  92.0000000 

no  — 

,0000001 

tn  —  — 

7.  3.  93.0000000 

lm- 

,000001 

tl  — :  — 

6.  4.  94.0000000 

ik  — 

,00001 

1 

II 

•  *H 

3.  3.  93.0000000 

gh= 

,0001 

tg=  — 

4.  6.  96. 

OOOOOOO 

ef  = 

,001 

te  —  — 

3.  7.  97.0000000 

cdm 

,01 

tc  =  — 

2.  8.  98.0000000 

ab  — 

5I 

tan - 

1.  9.  99.0000000 

AB= 

I 

tAn 

0  10. 100.0000000 

CD  zz: 

10 

tC  =  + 

1. 1 1. 101. 0000000 

EF= 

100 

tD  =  4- 

2. 12.102.0000000 

8.  Let  AB  be  — 1,  or  Unity  (Fig.  IV.)  and  let 
tu  be  a  fractional  Number  10  times  as  far  below  U- 
flity  AB,  as  CD  is  above  it  ;  then  will  At— 10 AC, 
and  fuppofing  the  Number  CD— 10,  ’tis  evident 
^=.-0000-0000001  Qf  ,0000000001  s  if  then,  inflead 

of 
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of  the  Logarithms  beginning  at  Unity  AB  (as  in 
the  former  Cafe)  we  make  ’em  begin  from  tu  = 
,0000000001,  then  the  Index  of  Logarithm  of  the 
Fruition  rs ,  will  be  1  ;  of  pq,  2  ;  of  no,  3  ;  and  fo 
of  Unity  AB,  10  ;  and  finceCD=zio,  EF— 100  •,  the 
Indices  of  their  Logarithms  will  be  tC=rii,  and 
tD— 1 2,  &c.  as  is  evident  in  the  foregoing  Table  ; 
where  you  fee  th z  fruit  ion  al  and  integral  Numbers 
with  Indices  of  three  fever al  Kinds  fitted  to  the  Lo¬ 
garithms  of  the  faid  Numbers. 

9.  That  every  thing  might  be  made  plain,  I  have 
made  the  Index  of  the  Logarithm  of  Unity ,  =ro,  in 
th tfirft  Rank  of  Indices  ;  and  according  *Kas  we  have 
feen  above)  the  Indices  of  all  the  Logarithms  of 
Numbers  above  AB  v/ill  b zpofuive,  as  -f-i,  +2, 
and  of  thofe  below  it  negative ,  as  — 1,  — 2,  — 3, 
&V.  as  in  the  Table.  But  if  (as  in  the  fecond  Rank 
of  Indices )  the  Index  of  the  Logarithm  of  Unity  AB 
be  made  =10  *,  then  {hall  the  Logarithms  begin  (as 
before  fuppofed)  from  the  10 th  Place  below  it,  viz. 
from  the  Number  ut=,ooooooooo  1,  and  then  all 
the  Indices  of  all  the  frail  ion  al  Numbers  between 
ro^h^T5-o>  or  0,000000000 1  and  i ,  will  be  affir¬ 
mative  or  ■pofitive ,  and  not  negative  as  before  ;  as  is 
feen  in  the  Table.  So  that  by  this  Method  we  have 
got  pofitive  Indices  for  the  Logarithms  of  Decimal 
Numbers  as  well  as  for  Integral  Numbers ;  and  fo 
both  capable  of  the  fame  Management,  which  could 
not  be  with  negative  Indices ,  as  before  fhewn. 

10.  Alfo  in  the  third  Rank  (which  is  here  given, 
not  for  Variety  only,  but  becaufe  ’tis  oftentimes  of 
Ufe)  the  Index  of  the  Logarithm  of  Unity  AB  is  made 
=  100  ;  and  confequently  that  thefe  Logarithms  be¬ 
gin  from  the  Fruition  which  is  the  100th  Proportio¬ 
nal  below  Unity,  in  the  Ratio  of  1  to  jo,  or  io  to  i* 
Whence  the  Indices  of  Logarithms  of  all  Fruitions 
between  o,  00000000000000000000  oooooocooo- 
0000000000  0000000000  0000000000 0000000000 

cooooooooo 
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oooooooooo  ooooooooooooooooooo  i  and  i,  will 
of  courfe  be  pojitive  ;  and  fo  in  thisClafs,  the  Indices 
of  Logarithms  of  all  decimal  Numbers  ( greater  by  far 
than  Ufe>  oxzvonCuriofity,  can  defire)  wiil  be  positive 
alfo,  as  well  as  thofe  of  the  Logarithms  of  integral 
Numbers  ;  and  therefore  in  Short,  we  have  obtain’d 
pofitive  Indices  for  the  Logarithms  of  all  Numbers  in 
general ,  and  fo  the  Trouble  of  Addition  and  Subfirac- 
tion  of  different  Parts  .of  Logarithms  at  the  fame 
time,  is  avoided^  as  was  propofed. 

11.  But  (as  I  have  before  obferved,  Chap.  IL 
Art.  1 6.)  the  Indices  of  the  Logarithms  of  Decimals 
Should  be  distinguished  from  the  Indices  of  Loga¬ 
rithms  of  Integers  in  Operations  \  and  this  I  think  is 
bed  done  as  there  directed,  viz.  by  fixing  a  Dott  on 
each  Side  the  faid  Indices.  And  thus  manifestly  ap¬ 
pears  the  Reafon  of  all  that  is  deliver’d  in  Chap.  II. 
from  Art.  13.  to  the  End. 

12.  Now  in  multiplying ,  dividing ,  &c.  of  Frac¬ 
tions^  the  Fall  or  s  may  be  either  both  Decimal  *,  or  one 
Decimal  and  the  other  an  Integer  •,  if  both  the  Fac¬ 
tors  are  Decimal  the  Produbl  will  b ^Decimal,  in  Mul¬ 
tiplication.  If  the  Factors  be  of  different  Sorts ,  and 
the  Ratio  of  Unity  to  the  Decimal  be  either  lefs , 
equal  to ,  ox  greater  than  the  Ratio  of  Unity  to  the  In¬ 
teger  ^  then  Shall  the  Product  be  greater ,  equal  to ,  or 
lefs  than  Unity ;  i.  e.  it  will  be  Integer ,  Unity,  or  De¬ 
cimal ,  in  multiplying  •,  all  which  will  be  evident  by 
the  following  Examples ,  ferving  as  fo  many  Rules 
for  the  right  ordering  of  Indices  in  Operations . 

13.  TAB  :  cd  ::  ab  :  ef  1  1  cd  x  ab— 1  x  ef— ef. 

\  tA.  .tc.  .ta.  .te.  >  £  l.tcH-.ta.—tA-hte. 

I  J  10.  .8.  .9.  .7.  j  ds  J  .8.~K9^io.~K7. 

(.That  is . 8.-H9. — 10.— .7.— 

Index  of  ef. 
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iAB  :  ab ::  EF  :  CD!  ^  f  abxEF=i  xCD— CD, 
tA.  .ta.  tE.  tC.  *5  <  . ta  .4-t  E=t  A  .4-tC . 

10.  ,9.  12.  ii.j-S  ^.o.+  i2.— io.-f-i  1. 

And  confequently . 9.+  12. — 10— 1 1.= 

Index  of  CD, 

r  AB  :ab  ::  CD  :  AB1  fab  xCD=i  x  1=1 
j  t A .  .ta.  tC.  tA.  >  £  <  .ta.4-tCrztA4-tA, 

3A  JO.  .9.  II.  IO.J'S  [.Q.-i-I  Iz=Io4“IO. 

(^Therefore  . 9.4-11.-10=10=? 

Index  of  1 . 

r  Ab.  cd  ::  CD  :  ab.l  ^  f  CD  x  cd=i  x  ab=ab. 

\  tA.  .tc.  tC.  .ta.  >  £  <  tC.-f-.tc.=tA.4-.tae 
j  10.  .8.  11.  .9.  j  •£  £  1  i.+.8.==io.4-.9. 
^and  therefore  again  .  .  .  1 1.4~8.— io=*9.= 

Index  of  ab, 

14.  From  thefe  Obfervations  well  confider’d,  3tis 
eafy  to  apprehend  the  Truth  of  what  is  deliver’d  in 
Art.  12.  above.  And  hnce  AB,  in  thefe  Examples  of 
the  Produffs,  hath  for  the  Index  of  its  Logarithm  io, 
’tis  equally  obvious  what  the  Indices  of  the  Logarithms 
of  the  Produ  ffs  would  be,  were  the  faid  Index  of  the 
Logarithm  of  AB  made  100.  In  this  prepent  Cafe 
were  tA  =  xo,  if  we  rejed  io,  the  Indices  of  the 
Logarithms  of  integral  Produffs  will  be  the  fame  as 
if  the  Logarithms  began  at  AB  or  Unity  ;  as  is  plain 
in  the  2d  and  3d  Examples  •,  and  accordingly  if 
tA=i  00,  we  rejedl  100,  and  the  Cafe  is  the  fame. 

1 5.  But  fince  5tis  mod  convenient  to  have  the  In¬ 
dices  of  all  Logarithms  of  integral  Numbers  to  begin 
from  Unity  in  the  fimple  Order,  o,  1,  2 ,  3,  &c.  as 
if  the  Logarithms  did  really  begin  from  thence ;  fo 
*tis  but  reje&ing  10  from  the  faid  Indices  in  their 
prefent  State,  and  what  we  defire  is  obtain’d. 


Thus 
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fi.  .8.4-  .9.  —  10  =  .7. 
Thus  the  fore- J  2.  .9.+  12.  —  10  =  11. 
going  Cafes  j  3.  .9.  -4-  1 1.  —  10  =  10. 

£4.  n.4-  .8.  * —  10  =  .9. 

by  rejecting  to  from  f  .8.  4-  .9.  —  o  =  .17. 
the  Indices  of  the)  .9.  -4-  2  —  o  =  11. 
Logarithms  of  In- J  .9.  4-  1  — ■  o  =  10. 
tegers ,  becomes  £  1  4-  8  —  0=  .9. 


o. 


Then  from  the  Sums  .17.  11.  10.  .9.  again  rejecting 
10  (where  5tis  found)  we  have  the  Remainders  .7.  1. 
o.  .9.  the  true  Indices  of  the  Logarithms  of  the  Pro - 
as  required. 

16.  If  either  Faltor ,  or  the  Product  of  them, 
exceeds  the  Limit  of  or  is  lefs  than 

,0000000001,  we  fhail  find  it  moft  convenient  to  ufe 
the  Indices  of  thofe  Logarithms  of  which  the  Index 
of  the  Logarithm  of  Unity  or  AB  is  zrrioo,  viz. 
thofe  Indices  in  the  3d  Clafsin  Table  of  Art.  8.  here¬ 
of.  And  if,  in  all  the  foregoing  Cafes,  inftead  ofr£- 
jefting  iO,  we  now  reject  100,  we  fhail  have  the  In¬ 
dices  of  the  Logarithms  of  the  Produces  the-  feme 
kind  as  before. 


Thus 


by  rejecting  100. 
becomes 


.98.  -f  .99.  —  xoo  =  .97. 
.99.  -j-  102  —  100  =  101. 
.99.  101  —  100  =  100 

101.  4-  .98.  —  100  —  .99. 

.98.  4-  .99.  —  o  r=.i 97. 
.99.  4-  2  —  °  —  101. 
.99.  4~  1  —  o  =  100. 
101.  4-  *98.  —  o  =  199. 


.97. 
1. 
o. 
>.99. 


Thus  here  you  fee  the  EfFedt  the  fame  as  above, 
ArL  15.  if  .97.  .99.  be  deducted  from  100,  as  .7. 
.9.  were  from  10,  the  two  middle  Indices  being  the 
fame  in  both  Cafes . 


*7- 
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1 7.  In  Divifion ,  the  Divifor  is  to  Unity  as  the  Divi¬ 
dend  is  to  the  Quotient  \  and  fo  the  Diftance  between 
Unity  and  the  Divifor  is  equal  to  that  between  the 
Dividend  and  Quotient .  If  then  the  Fraction  ef  be 
divided  by  ab,  becaufe  a  A  is  =ec,  therefore  cd  is  the 
Quotient ,  the  Index  of  whofe  Logarithm  is  tc  ;  but 
tc=tA-4-te — ta.  Alfo  if  the  Integer  CD  be  divided 
by  the  Fraction  ab,  becaufe  a A=CE,  therefore  EF 
is  the  integral  Quotient  whofe  Logarithm  is  tE  ;  but 
tE=tA~f-tC — ta.  Again,  let  the  Fraction  ab  be  di¬ 
vided  by  the  Integer  CD,  becaufe  CA— :ac,  there¬ 
fore  the  Fraction  cd  is  the  Quotient  %  whofe  Loga¬ 
rithm  tc=tA-f-ta—tC  \  that  is,  in  every  Cafe,  the 
logarithm  of  the  Divifor  being  taken  from  the  Loga¬ 
rithm  of  the  Dividend ,  if  to  the  Remainder,  you  add 
the  Logarithm  of  Unity ,  the  Sum  will  be  the  Loga¬ 
rithm  of  the  Quotient :  which  is  but  the  Converfe  of 
the  Rules  for  the  Logarithms  in  Multiplication ,  as  is 
evident  by  Infpe&ion  of  Art.  13.  foregoing.  And 
the  Methods  there  mention’d  for  duely  adjusting  the 
Indices ,  are  to  be  equally  obferved  here. 

18.  In  Involution  *  or  railing  the  Powers  of  Frac - 
tions,  ’tis  evident  that  the  Diftance  between  Unity  and 
the  Root ,  is  equal  to  the  Diftance  between  the  Root 
and  the  Jirfi  Power ,  the  firfi  and  fecond  Power ,  the 
fecond  and  third  Power ,  and  fo  on.  Therefore  fince 
Aa— sab-zcezreg,  &c.  cd=  Square  of  ab,  ef  =  Cubey 
gh=  Biquadrat e9  &c.  Power  of  the  Root  ab.  But 
iince  AB  :  ab  ::  ab :  cd  ::  cd  :  ef ::  ef :  gh,  &c.  there¬ 
fore  the  Logarithms  tA-j-tc=2ta,  and  fotc=2ta — -tA. 
That  is,  the  Logarithm  of  the  Square  of  the  Root  is 
equal  to  double  the  Logarithm  of  the  Root  lefs  the 

Logarithm  of  Unity .  Again,  — ~  =tc=2ta — tA, 

and  fo  ta-}-te=4ta — 2tA  ,  that  is,  te=3ta — 2tA  1 
in  Words,  the  Logarithm  of  the  Cube  is  equal  to 
triple  the  Logarithm  of  the  Root ,  lefs  double  the  Lo- 

F  garithm 
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garithm  of  Unity.  Moreover,  —  te=3ta — 2tA, 

therefore  tc  -\-  tg— 6ta  - — ^tA  *,  but  tc  — 2ta — tA, 
fubdubt  this  from  the  iaft  Equation ,  there  will  re¬ 
main  tg=4ta— 3ta  *,  or  the  Logarithm  of  the  Bi¬ 
quadrate. 

19.  And  univerfall)\  if  the  Power  of  a  Frac¬ 
tion  be  x,  and  the  Logarithm  =  L,  the  Loga¬ 
rithm  of  the  Power  x  fhall  be  =vL — x — i  xtA, 
or  =  v  I, — -  x  tA  -f- 1  A.  Thus,  fuppofe  you  would 
know  the  Logarithm  of  the  Square  of  the  Fraction 
dc  *,  here  xz=i2^  and  L=tc,  therefore  2tC — -tA=rtg, 
the  Logarithm  of  the  Square  gh,  as  required.  If  the 
Logarithm  of  the  Cube  be  defired  of  the  Fraction  ef, 
we  have  3,  Lzrrte,  and  fo  3te — 2tA=tr,  the 
Logarithm  of  the  Cube  rs,  as  defiTd.  And  thus  you 
proceed  for  the  Logarithms  of  other  Powers. 

N.  B.  The  Indices  of  Logarithms  of  all  Powers 
of  Fractional  Numbers  (I  mean  fuch  as  are  purely 
fo)  mud  be  doubly  dotted ,  fince  thofe  Powers  al¬ 
ways  fall  below  the  Rootj  which  is  fuppofed  a 
pure  Fraction. 

20.  Evolution ,  or  the  Extraction  of  the  Roots  of 
Powers ,  is  juft  the  reverfe  of  the  foregoing  Procefs. 
For  fuppofe  the  Fraction  cd  were  given,  whofe  fquare 
Root  was  required.  Becaufe  AB  :  ab  ::  ab  :  cd,  there- 

fore  AB  x  cd— abxab  and  fo*7  ABx  cd=ab  ;  there¬ 
fore  the  Logarithm  ~A~|~tc  — ta,  [s  the  Logarithm  of 

ab  the  fquare  Root  fought.  Alfo  if  the  Cube  Root  of 
th o, Fraction  ef  be  required ;  becaufe  AB  :  ab  ::  cd  :  ef, 
we  have  ABxef— abxcd  ;  and  fo  the  Logarithms 
tA  -f-  t.e=  ta+tc.  But  tA+te — ta=tc=2ta — tA, 

that  is,  3ta^=2tA — te,  and  confequently  — fa 

•  ■  3 

the  Logarithm  of  ab  the  Cube  Root  required. 
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21.  And  univerfally,  if  the  Logarithm  L  of  the 
Root  of  any  Power  x>  of  any  Fraction  rs,  be  required. 


we 


have  this  Theorem  tr  ^  =L,  or 

X 


X 


=L=te,  that  is,  in  Words,  the  Number  x — ?xtA 
added  to  the  Index  of  the  Logarithm  of  th t  Fraction, 
the  Logarithm  thus  augmented  being  divided  by  x, 
the  Quotient  fhall  be  the  Logarithm  of  the  Root 
fought.  Or,  fmcetA=io,  100,  the  Number  x — -1 
prefix’d  to  the  Index  of  the  Logarithm  of  the  Power, 
and  the  Logarithm  thus  divided  by  x,  the  Quotient 
fhall  be  the  Logarithm  of  the  Root  fought. 


CHAP.  V. 

Phe  original  Conf  ruCtion  of  logarithms  by  the 
Lord  Neper,  and  the  Alteration  thereof  to  the 
prefent  Form  by  himfelf  and  Mr.  Briggs,  ex¬ 
plain!  and illujl rated  by  the  Logarithmic 
Curve. 

1.  nr%  H  E  noble  Inventer  of  Logarithms,  the  Lord 
j[  Neper ,  having  dueiy  contemplated  their 
wonderful  Nature,  firft  conftru<fted  and  publifii’d  a 
Canon  thereof  j  but  thofe  far  different  from  what  we 
now  commonly  ufe.  And  this  was  no  Wonder,  fince 
fcarcely  any  thing  receives  its  Invention ,  and  ntmofi 
Perfection  at  the  fame  time. 

2.  In  the  firft  kind  of  Logarithms  that  Neper  pub- 
lifhed,  the  firft  Perm  of  the  continual  Proportionally 
was  placed  only  fo  far  diftant  from  Unity ,  as  that 
Perm  exceeded  Unity.  Thus,  for  Example,  if  on 
be  the  firft  Perm  of  the  Series  from  Unity  AB  (fee 
Fig.  I.)  the.  Logarithm  thereof,  or  the  Diftance  A  n, 
or  B  y,  was  by  him  put  equal  to  vv  or  the  Increment 

F  2  '  v  of 
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of  the  Number  n  y  above  Unity.  If  then  we  fuppofe 
vn=i.ooooooi,  the  Excefs  of  this  Number  above 
AB=i,  is  o.oooooo i,  which  therefore,  by  him, 
was  made  its  Logarithm  j  that  is,  An— 0,0000001. 

3.  From  hence,  by  Computation,  the  Number 
10  will  be  the  2  30258  50th  Term  of  the  Series  ;  which 
Number  therefore  is  the  Logarithm  of  10  in  this  Form 
of  Logarithms :  and  expreffes  its  Diftance  from  Unity 
Inftuch  Part  whereof  vy,  or  An  is  one.  Alfo  the 
Logarithm  of  2  (in  this  Form)  is  6931471  \  of  3,  is 
109861221  of 4,  is  13862943,  &c. 

4.  But  this  Pojition  of  the  Ratio  of  the  Terms  is 
entirely  at  Pleajure  7  for  the  Diftance  of  the  jirft  Perm 
may  have  any  given  Ratio  to  its  Excefs  above  Unity  % 
that  is,  A  n  may  be  indifferently  lefts ,  equal  to ,  or 
greater  than  vy  ;  and  according  to  that  various  Ratio 
(which  may  be  fuppofed  at  pleafure)  between  A  n,  or 
B  y  and  vy,  i.  e.  the  Increment  of  the  jirft  Term  a- 
bove  Unity ,  and  the  Diftance  of  the  fame  from  Unity , 
there  will  be  produced  different  Forms  of  Loga¬ 
rithms. 

5.  The  Logarithms  of  this  jirft  Form ,  were  found 
by  the fagacious  Inventer  not  to  anfwer  the  Defgn  in 
the  beft  manner  as  could  be  wifh’d  ;  and  therefore 
he  changed  ’em  into  another  more  convenient  Formr 
wherein  he  put  the  Number  10,  not  asthe  2  3025850th 
* Term  of  the  Series,  but  the  ipooooooth  Perm  :  And 
after  Neper's  Death,  the  learned  and  indefatigable 
Mr.  Briggs7  with  great  pains ,  made  and  publifhM  a 
Canon  of  Logarithms  according  to  this  new  Form . 
Now  fince  in  this  Canon  the  Logarithm  of  10  is 
1. 0000000,  and  fince  1,  10,  100,  1000,  &c.  are 
Proportionals ,  they  fhall  be  equidiftant  from  each 
other*,  wherefore  the  1  ogarithm  of  100  fhall  be 
2.0000000  *,  of  1000,  3.0000000,  and  the  Loga¬ 
rithm  of  10000  will  be  4.0000000,  and  fo  on.  And 
this  Form  of  Logarithms  hath  been  ever  fince  in  ufe, 
and  are  thofe  in  prefent  Ufe  *,  the  Nature  and 

Properties 
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Properties  of  which  we  have  been  hitherto  explain¬ 
ing. 

6.  The  Rationale  of  the  Method  by  which  Mr. 
Briggs  computed  his  Logarithms,  is  bed  explain’d 
from  the  Logarithmetic  Curve ,  according  to  Dr.  Keil , 
as  follows.  In  the  Logarithmetic  Curve  HBD  (Fig.' V.) 
Jet  there  be  three  Proportionals  AB,  ab,  qs ,  very 
nearly  equal  to  one  another  ;  that  is,  let  their  Diffe¬ 
rences  have  a  very  j mall  Ratio  to  the  faid  Ordinates , 
(for  fuch  arethofe  Proportionals,)  and  then  the  Dif¬ 
ferences  of  the  Logarithms  will  be  proportional  to  the 
Differences  of  the  Ordinates  ;  that  is,  it  will  be 
jsr :  be  ::  Br  :  Be ::  A  q  :  A  a.  For  lince  the  Ordinates 
AB,  ab,  qs ,  are  nearly  equal  to  one  another,  they 
will  be  very  nigh  to  one  another  •,  and  fo  the  Parts  of 
the  Curve  B^,  B b,  intercepted  between  them,  will 
nearly  coincide  with  a  Right  Line  ;  for  it  is  poffible 
that  the  Ordinates  may  be  fo  near  to  each  other,  that 
the  Difference  between  the  Part  of  the  Curve  and  the 
Right  Line  fubtending  it,  may  have  to  that  Subtenfe , 
a  Ratio  lefs  than  any  given  Ratio.  Confequently  the 
Triangles  Bcb,  Brs,  may  be  taken  for  Right-lined 
ones,  and  will  be  equiangular :  and  therefore,  lince 
ab  is  parallel  to  qs,  they  will  b zfimilar,  and  their 
homologous  Sides  proportional  viz.  rs  :  be  ::  Br  :  B£, 
or  A  q  :  A  a. 

7.  From  hence,  by  the  way,  appears  alfo  the  Rea- 
fon  of  the  Correction  of  Numbers  and  Logarithms  by 
Differences  and  proportional  Parts .  For  putting 
AB=i,  or  Unity,  ’tis  evident,  that  the  Logarithms 
Be,  Br,  are  proportional  to  the  Differences  cb ,  rs ,  of 
the  Numbers  AB,  ab,  rs  ;  as  we  lhall  hereafter  prove 
by  Faffs,  in  the  practical  Part. 

8.  If  a  mean  Proportional  be  found  between  1  and 
10,  and  then  again  another  Mean  between  that  and 
Unity  ;  and  if  proceeding  thus,  you  continually  find, 
a  mean  Proportional  between  the  Mean  left  found  and 
Unity ,  bifeding  the  Logarithms  dill  as  you  proceed 
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(in  the  manner  of  the  Example  in  Chap.  II.  Art.  6.) 
you  will  at  laft  get  a  Number  whofe  D  fiance  from 
Unity  ill  all  be  lefs  than  the  I0--0-0/0-06V-~0  Part  of 
the  Logarithm  of  io. 

9.  After  Mr.  Briggs,  in  this  manner,  had  made 
54  Extractions  of  the  Square  Root ,  he  arrived  to  the 
Number  1 .0000000000  00000  12781  9149320032- 
3442,  and  its  Logarithm  was  0.00000  0000000000- 
05551  1151231257  82702.  Suppofe  this  Logarithm 
be  equal  to  Ay  or  Br  ,  and  let  the  Number  found  by 
this  Extradition,  be—  qs-,  and  then  its  Excefs  above  U- 
nity  will  be  z=rs. 

Ay— 0.00000000000000005551  11512- 
1  3125782702. 

That  is,  J  qs  —  1. 00000  00000  00000  1278 1  91493- 


I 

o 


20032  3442. 

rs  ==;o.ooooooooooooooo  12781  91493- 
.  200323442. 

10.  Now  by  means  of  tbefe  Numbers  the  Loga¬ 
rithms  of  all  other  Numbers  may  be  found  in  the  fol¬ 
lowing  Manner.  Between  the  given  Number  (whofe 
Logarithm  is  to  be  found)  and  Unity ,  find  (by  the 
Extraction  of  Roots,  as  above)  fo  many  mean  Pro¬ 
portionals  till  at  laft  a  Number  be  obtain’d  fo  little  ex¬ 
ceeding  Unity,  that  there  be  15  Cyphers  next  after  it, 
and  as  many  fignific ant  Figures  after  thofe.  Suppofe 
the  final!  Number  thus  found  be  ab,  and  let  the  fig- 
nificant  Figures  with  the  15  Cyphers  prefix’d,  before 
them,  denote  the  Difference  be  •,  then  fay,  as  the 
Difference  rs  is  to  the  Difference  be,  fo  is  the  given 
Logarithm  Br,  to  Be  the  Logarithm  fiought  for  the 
Number  ab.  If  now  this  Logarithm  Br  or  A  a,  be 
continually  doubled  the  fame  number  of  times  as  there 
were  Extractions  of  the  Square  Root,  you'll  have  at 
laft  the  Logarithm  of  the  Number  propos’d  as  re¬ 
quired. 

11.  If  the  Tangent  TB  he  drawn  to  touch  the 
e  in  B,  then  mav  the  Suit  anient  AT  be  found 


L'*  1/  srCf  1 
V  A  lit  1/ 


by 
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by  the  Numbers  above  in  Art.  9.  For  fmce  AB, 
Br,  are  parallel  to  rs,  AT  *,  therefore  the  Right -lin'd 
Triangles  B rs  and  BAT,  are  fimilar,  and  fo  as 
sr :  rB  ::  AB  :  AT,  the  Subtangent  *,  but  fince  AB=i, 

therefore  ™~AT  ;  or  thus  ; 

sr 

As  rs  “Cxooooo  00000  00000  127819 1493  20032- 
3 44 A 

Is  to  Br—o. 0000000000000000555 1  11512  31257- 
8270, 

So  isAB— 1. 00000  00000  00000  00000  00000  00000 
0000, 

to  AT— 0.434294481903251  82765  11289  189 16- 
L  ‘  6051. 

\2.  If  the  proportional  Right  Lines  GH,  EF,  AB, 
CD,  (Fig.  V.)  are  Ordinates  to  the  Axis  CV  of  the 
Logarithmetic  Curve ,  and  if  their  Ends  FFI,  DB,  be 
join’d  by  Right  Lines ,  which  produced  meet  the 
Axis  in  the  Points  P  and  K,  then  the  Right  Lines 
GP,  KA,  will  be  always  equal.  For  fince  G  H  :  EF 
::  AB  :  CD  ;  it  will  be,  as  GEI :  Ft ::  AB  :  DR  (by 
Chap.  II.  Art.. 8.)  But  becaule  of  the  fimilar  Tri¬ 
angles  PGH  HtF,  as  alfo  KAB  BRD,  we  have 
PG  :  Ht  (::  GH  :  Ft  ::  AB  :  DR)  ::  KA  :  BR. 
But  FltmBR,  and  therefore  PGz=AK  *,  which  was 
to  be  demonftrated. 

13.  If  the  Right  Lines  CD,  EF  equally  accede  to 
AB,  GH,  fo  that  the  Point  D  at  laft  may  coincide 
with  B,  and  the  Point  F  with  H,  then  the  Right- 
Lines  DBK,  FHP,  which  did  before  cut  the  Curve, 
will  now  only  touch  it  in  the  Points  B  and  FI  ;  that 
is,  they  will  be  chang’d  into  the  Tangents  BT,  and 
I  FIV.  And  fo  the  Right-Lines  AT,  .  GV,  will  al¬ 
ways  be  equal  to  each  other  *,  and  fo  the  Subtangent 
AT,  or  GV,  in  whatever  Part  of  the  Axis  it  be,  is 
always  one  conftant  given  Length  ;  and  this  is  one  of 
Lie  moft  remarkable  and  ufeful  Properties  of  the  Lo¬ 
garithmic 
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garithmic  Curve :  For  the  different  Species  or  'Forms 
of  thofe  Curves  aredetermined  by  the  Subtangents. 

14.  If  the  Excefs  cb  of  any  Number  ab  extremely 
near  Unity,  or  but  a  [mall  matter  exceeding  it,  be 
given,  the  Logarithm  of  its  Diftance  from  Unity  A  a 
or  Be,  will  be  known  by  means  of  the  conftant  Sub* 
tangent  AT  ;  for  by  Art.  11.  we  have  be  :  Br  ::  AB 
:  AT  •,  therefore  AT  xbcz=J&z  xAB=Bc,  the  Loga¬ 
rithm  required.  Thus  alfo  AT  x  rj=Br,  the  Loga¬ 
rithm  of  the  Number  qr  ;  and  fo  the  Logarithm  of 
any  prime  Number  2,  3,  7,  11,  13,  &c.  may  be 
found  independently  of  the  Logarithm  of  any  other 
Number. 


\ 

CHAP.  VI. 

A  Method  of  conftruffing  the  Logarithms  derived 
and  demon  ft  rated  from  the  Nature  of  Numbers 
onlyy  by  Dr .  Edm.  Halley. 

1. 1  ■  A  H  E  admirable  Method  now  before  us,  is 
f  one  of  the  many  great  and  wonderful  In¬ 
ventions  and  Difcoveries  of  the  celebrated  Dr.  Halley , 
the  prefent  Aft ronomer  Royal ^  and  Fellow  of  the  Royal 
Society  ;  and  whofe  Name  amongft  the  Literati  will 
be  had  in  everlafting  Remembrance.  This  Method 
not  only  comprehends  all  the  Improvements  made 
by  others  by  means  of  the  Hyperbola  and  other  Geo¬ 
metrical  Figures ,  but  fhews  with  great  Accuracy 
from  the  pure  Properties  of  Numbers  (as  moft  natu¬ 
ral  and  agreeable  in  a  Bufinefs  purely  Arithmetical ,  as 
the  Logarithmotechny  is)  how  the  Logarithms  may 
be  produced  to  any  defir ed  Number  of  P laces ,  with 
far  greater  Eafe  and  Expedition  than  by  any  Method 
before  known.  According  to  him*  therefore, 

2  r 
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2 .  Suppofe  an  infinite  Number  of  equal  Ratio's  or 
Ratiuncula  between  any  two  Terms  in  a  continued 
Scale  or  Series  of  Proportionals ;  and  thofe  Ratiun - 
cula  exprefs  the  Ratio  of  thofe  two  Terms,  as  of 
1  to  i+v.  If  then  between  Unity  (1)  and  any  Num¬ 
ber  propofed  (i+v)  there  be  taken  any  Infinity  {n)  of 
mean  Proportionals ,  the  infinitely  little  Augment  or 
Recrement  of  the  firft  of  thefe  Means  from  Unity  will 
be  a  Ratiuncula  or  Fluxion  (*)  of  the  Ratio  of  Unity 
to  the  faid  Number  ;  and  the  Terms  of  the  Series 

- -2.. - 3 - 4. 

will  ftand  thus ;  viz.  1.  i+*.  i+*.  x+*.  i+A 

- n 

&c.  to  i+*  •  and  the 

o.  1.  2.  3.  4.  &c.  to  n  \  or  thus, 
o.  2*.  3*.  4*.  &c.  to  nx. 

From  whence  5tis  evident  that  not  only  the  Number 
(n)  of  the  Proportionals  or  Ratiuncula ,  but  alfo  their 
Sum  (nk)  may  be  put  for  the  Logarithm  of  i-f-#. 
And  thus  alfo Nj  maybe  put  —  Logarithm  of  i+jy, 
and  confequently  it  will  be,  as  L,  i~\~x :  L,  i+y 
::  fix  :  Ny. 

3.  If  x—y,  that  is,  if  the  Ratiuncula  compofing 

divers  Ratio's  have  the  fame  Magnitude,  then  are 
thofe  Ratio's  proportional  to  the  Numbers  of  Ra - 
tiuncula  contain’d  between  their  Terms,  viz. 
L,  i+#  :  L,  i-j-jy  ::  n  :  N.  For  if#=i,  andj— 2  ; 
then  ,  and  1+7=3  >  and  if  #=30103,  &c- 

N  will  be  found  =47712,  &c.  that  is,  if  there  be 
the  infinite  Number  30103,  &c.  of  Ratiuncula  in  the 
Ratio  of  1  to  2 ;  there  fhall  be  the  infinite  Number 
47712,  £5 1c.  of  the  fame  Ratiuncula  in  the  Ratio  of 
1  to  3. 

4.  On  the  contrary,  if  #=iV,  then  L,  i+#  :  L, 
i+jy  ::  *  :y9  that  is,  fuppofe  the  infinite  Number  of 
Ratiunculse  in  one  Ratio  equal  to  the  infinite  Number 
of  Ratiuncula  in  any  other  Ratio9  then  are  the  Lo¬ 
garithms  of  thofe  Ratio’s  directly  as  their  Fluxions , 

G  QX 
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or  as  the  Magnitudes  of  the  Ratiuncula  refpedtiveiy. 
For  inftance,  let  the  Ratio  of  io  to  i,  ioo  to  i, 
1000  to  i,  &c.  all  and  every  of  them  be  fuppofed 
to  conflfl:  of  5  Ratiunculas ;  as  follows:  Thus, 

{Ratio’s  o.  i,  2.  3.  4.  5.  &c. 

Terms  1.  10.  100.  1000.  10000.  100000,  &c. 
Ratiunc.  gv.  gw,  gx.  gy.  52,  &c. 

9Tis  plain  the  Ratiuncula  v  of  the  whole  Ratio  of  10 
to  1  is  t  ,  of  100  to  1,  is  1,  &c.  that  is,  the  Ra- 
tiuncuU  are  v=i9  w=j9  x=zf9  y=f,  z=i  9  but  thofe 
Fractions  are  as  the  natural  Numbers  1,  2,  3,  4,  5. 
Wherefore  the  Logarithms  of  the  Ratio’s  of  10  to  1, 
100  to  1,  1000  to  1,  &c.  are  dire&ly  as  the  natu¬ 
ral  Numbers  1,  2,  3,  4,  5,  and  io  may  be  ex- 
prefled  by  them. 

5.  Since  then  the  Logarithms  of  Ratio’s  are  as 
their  Fluxions ,  therefore  the  Logarithm  of  any  Num¬ 
ber  is  found  by  taking  the  Difference  of  Unity  and  the 
infinite  Root  of  that  Number  9  that  is,  becaufe  i-d-* 

is  the  firft  Term  from  Unity,  or  Ratiuncula ,  i-f-** 


~i-\-x,  is  the  infinite  Power  to  be  refolv’d  ;  and 


i/fi-f-x,  or  i-Fxfi=i-i-x,  and  fo  i~Fxn — i~x—  Lo¬ 
garithm  of  1-+-#. 

6.  In  order  to  extract  the  Root  of  the  infinite  Power 
iH-tf,  (which,  to  fome,  may  feem  ftrange  and  next 
to  impojjible)  we  muft  make  ufe  of  Sir  Ifaac  Newton’s 
celebrated  Theorem  for  that  purpofe.  Suppofing 
then  the  Power  be  i-T#,  according  to  his  Theo- 


i 

rem,  1  +  xn  =  1  -f-  J  x  + 


1 — n 
?.rm 


XX  + 


I - 

6  n3 


Xz 


JL  1 — 1  lnn — #4  Sec.  the  Root  of  the  Power 

i  24 n*  ^ 

l-\~x9  when  the  Index  (n)  is  finite  *,  but  (n)  being  in 
the  prefent  Cafe  infinite ,  all  the  Terms  of  the  Co - 
ijficients9  wherein  (nn)  is  found  a  Divifor  (as  being 
infinitely  infinite )  will  vanifh,  k$  being  infinitely  lefi* 

that} 
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than  nothing.  But  the  Co-efficient  1—1  =  1* 


I 

2  n 


1 

2  n 


5  and ‘■=£±2?  =  ^  +  - 

6»3  6nn  ' 


Alfo  the 


3 »  3* 


Coefficient 


i — 6»-f-n»» — 6«3  i 


=  1;  &c. 


I 

4» 


I  4» 

Wherefore  the  foregoing  Root  will  become  i+J# — 


I  +  7  nxl  —  i  nx*  +  i  nx\  dec.  That  is, 

_ _ _  _  _ JL 

nXX — ixx~t—jxxx- — ix+ — ixs,  dec.  zzzI-\-Xn — I=*= 
Logarithm  of  i-ffix. 

7.  And  whereas  the  infinite  Index  (n)  may  be  taken 
at  pleafure,  an  Infinity  of  different  Scales  of  Loga¬ 
rithms  may  be  produced  ;  and  thofe  different  Loga¬ 
rithms  will  be  to  one  another  as  J,  or  reciprocally  as 

the  Indices  {n).  And  as  it  hath  been  fhewn  (in 
Chap.  V.)  that  in  making  the  firft  kind  of  Logarithms 
by  Neper ,  the  infinite  Index  of  the  Logarithm  of  io 
would  be  23025850,  &c.  But  in  making  the  fe- 
cond  fort  after  by  Briggs ,  the  faid  infinite  Index  was 
put  =10000000,  &c.  Confequently  in  the  fore¬ 
going  Series  for  Logarithms,  if  0=10000000,  &c. 
the  Lord  Neper’s  Logarithms  will  be  produced  *,  and 
the  Series  will  be  j imply  x — — lx*-\-}x*,  &c. 
On  the  contrary,  if  72=23025850,  &c.  th en  Briggs’s 
Logarithms  will  arife  from  the  Series  *,  and  becaufe 
n  —  &c.  =0.434229448,  &c.  therefore 


J(=AT)  is  the  Subtangent  of  the  Logarithmic  Curve 

for  the  Briggian  Logarithms ,  as  is  plain  from  Chap.  I. 
V.  Art.  11.  Whence  if  a  Logarithm  of  Neper’s 
Form  be  multiplied  by  0.43429448,  &c.  or  divided 
by  2.3025850,  &c.  it  is  converted  into  a  Logarithm 
of  Briggs’s  Sort ,  or  thofe  in  prefen t  Ufe. 

8.  If  the  Logarithm  of  a  decreaftng  Ratio  be 
fought,  as  of  1  to  1 — v,  the  Power  being  1— #,  its 

_ L 

infinite  Root  will  be  1 — *n=i — nX — inx* — \nxr — 

G  2 
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\nx* — \nxU  &c.  that  is,  »  x 

,  _ _ t_ 

&c.  =i — i — xnz=ix=  the  Logarithm  of  i  — x;  the 
Jirft  "Term  next  below  Unity,  or  Root  of  this  infinite 
decreafing  Series  being  i — x.  And  fo  in  this  Cafe, 
according  as  the  infinite  Index  (n)  is  made  miooooooo, 
&c.  or  2.3025850,  &c.  fo  Neper’s  or  Briggs9 s  Loga¬ 
rithms  of  thofe  negative  Numbers  will  be  produced. 

9.  In  flea  d  of  the  Terms  1  :  i-f*#,  let  a:  b  exprefs 
the  Terms  of  any  Ratio  univerfally  ;  and  make 
af-b—s,  and  a — b—d  ;  and  fince  it  is  1  :  i-\-x  ::  a:b9 

therefore  afi-ax—b ,  and  (ox—  =  —  4  Again 

a  a  0 


becaufe  (in  the  decreafing  Ratio)  it  is  1  :  1 — x::b:  a  % 
therefore  b — bx—a ,  and  fo  we  have  again  x  =  --jj- 

=  -g  •  Whence  the  Logarithm  of  the  fame  Ratio 

a  :  may  be  doubly  exprefs9 d ;  viz.  for  the  encreafing 
Ratio ,  the  Series  will  be 


£_  ,  P  ^ 

~  »  fP  T" 

d  4.  ±  JL  JL  .  ‘  .  JL 

~b  ^  2bb^r  3^3  +  4^4  +  5^’ 
the  decreafing  Ratio  ;  all  which  is  evident  from  the 
three  laft  Articles. 


n  X  j£ 

A 


n 


,  &c.  or, 
&c.  for 


10.  But  if  wefuppofe  the  Ratio  of  ^  to£,  viz.  A 

compofed  of  /zew  Parts  ;  viz.  of  the  Ratio  of  a  to 
the  Arithmetical  Mean  between  the  Terms  a  and 
and  of  the  Ratio  of  the  faid  Arithmetical  Mean  to 

the  other  Term  b ;  that  is,  fuppofe  A  =A  x  iL  ^ 
(for  is  =  —t  is  the  Arithmetical  Mean  between  a 

2 

and  b\)  then  the  Sum  of  the  Logarithms  of  thofe  two 
Ratio’s,  A?  T,  will  be  equal  to  the  Logarithm  of 

the  Ratio  of  a  to  b.  Or,  L,  A  L,  ~ 


Xs 


I  * 

And 
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And  thus  alfo  we  have  L,  t.  _|_  L  1  =  L  L 

a  2$  a  * 

Now  becaufethe  Ratio  of  is  to  b  is  encreafing,  there¬ 
fore  i  :  i  +  x  ::  is  :  b  ;  and  fo  i  x  —  — ;  con- 

A  r 


fequentlyx  =  — 


i  = 


— :  —  a-new;  again. 


becaufe  the  Ratio  of  is  to  a  is  decreafing  ;  therefore 

is:  a::  i  :  i  —  x9  and  fo  i  —  x  =s  —  :  and 

A 

#=i—  -  =  =  i. 

is  is  s 

ii.  Therefore  fince  x  =  -  for  both  Ratio’s,  viz. 

s 

of  a  to  is,  and  Is  to  b,  we  fhall  have  (by  the  fore¬ 
going  Rule,  Art  9.)  Jx  -  +~  +  d+ 

S  1  2Sa  1  3s3  * 


+  rr  ’  —  (A)  a  t0  ar>d  J  x  ^ _ 

5S  S  25' 

+  4!-f  +  p.  =  (B)  L,  is  to  b.  Then 


4s 

3T 


3s' 

i  2d 


7? 


X 


-|-  —  *  -f-  —  3  Lh:.  —  (A-fhB)  L,  a  to  b. 


2d5 


* 


3S3 


5s 


Thus  you  have  a  Series  expreffing  the  Logarithm  of 
the  Ratio  of  a  to  b9  whofe  Sum  is  s—a-\-b9  and  Dif¬ 
ference  &z=:a-\-b :  ar*d  this  Series  converges  twice  as 
fwift  as  the  former  in  Art.  8.  and  therefore  is  more 
proper  for  making  or  examining  of  Logarithms,  which 
it  performs  with  great  Expedition,  when  d  the  Dif¬ 
ference  is  but  the  iooth  Part  of  s  the  Sum  ;  the  firft 

Step  —  fufficing  for  7  Places  of  the  Logarithm,  and 

s 

2(j  3 

the  fecond  ~r  for  12  Places. 

3s 

12.  Becaufethe  Difference  of  the  Logarithms  of 
the  Ratio’s  of  a  ro  Is,  and  is  to  b  is  the  Logarithm 
of  the  Ratio  of  a  b  to  ?ss  3  or  thus,  becaufe 
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m  — therefore  the  L,  — 

i**  & 


x  i!  —  x  ~ 

^  t,  —  ^’iss 

(A — B)  m  n  X  z— *  -f-  9  but 


2SZ 
ab  • 


6s 


half  the  Ratio  -is  the  Ratio  (for  tf±  x  ij±  — 

*ss  is  is  is  ~ 

*i-V  that  is,  the  Ratio  of  the  Geometrical  Mean 
*/ab  to  the  Arithmetical  Mean  i  s  ;  confequently 


the  Logarithm  of  J  x  ~  *  -f  *  -f 

&V,  which  is  a  Theorem  of  good  Difpatch  for  find¬ 
ing  the  Logarithm  of  is. 

13.  But  the  fame  Logarithm  may  yet  be  much  more 
advantageoufly  obtained  by  a  Method  like  the  for¬ 
mer.  For  if  we  make  the  Terms  of  the  Ratio 


~  ,  and  put  S  -zzab  4-  iss,  the  Sum  of  the 

iss  B  r  1 

Terms,  and  D  z=z  ab  — |ss  ;  ’tis  evident  the 
Logarithm  of  ^  (=  0  =  S*  +  §1  + 
—  !  fill,  by  Art.  n.  But  becaufe  |ss  m 

5  6  s  7S7  7 

i#2  +  i^  -f-  ib2,  therefore  D  m  ab  —  iss  m  ah  — 

4 a2  -J—  a ab  %bh  =  —  \.ab  — |—  %bb  mi  %a  —  ^b 

=  id2  m  i,  in  the  prefent  Cafe  of  finding  the  Loga¬ 
rithms  of  Prime  Numbers  ;  for  fuppofe  the  Loga¬ 
rithm  of  23  be  fought,  then  <2  =  22,  b m  24,  ism23, 
and  d  m  2  ;  alfo  Az=.ab  —  528,  and  5m  iss=  529, 
and  therefore  ab — Issm/f — 5mDmidmi.  Where¬ 


fore,  finceDmi,  the  Series  above  becomes  x  x  ~  jr 

»  S  r 

^  9  & Ct  “  ^ie  Logarithm  of  the 
Ratio  of  7^  ;  and  fo  the  half  of  it,  viz.  the  Series 


4*S 


*  x  b  "T  3b3  "T  5SS  +  ^ c '  ~  t^e  Loga¬ 

rithm 
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rithm  of  the  Ratio  of  ab  to  Is.  And  this  converges 
much  fooner  than  any  Theorem  hitherto  invented, 
and  beyond  which  nothing  better  can  be  hoped  for, 
in  the  great  Author' s  Opinion. 

14.  The  Logarithm  given  to  find  what  Ratio  it 
exprefies,  is  a  Problem  lolv’d  with  like  Eafe ,  and  de- 
monftrated  by  a  like  Procefs  to  that  foregoing  for 
finding  the  Logarithm  of  a  given  Ratio.  For  as  the 
Logarithm  of  the  Ratio  of  1  to  i-\-x  was  proved  to 

be  i-\~xn — i,  (by  Art.  5.)  and  that  of  the  Ratio  of 

—  1 

1  to  1- — x  to  be  1 — I — xn  (by  Art.  8.)  fo  the  Loga¬ 
rithm,  which  we  wifi  call  L,  being  given,  fince 

Lzni-f-tf* — -1,  therefore  L-f*  i=i~j~x»  in  the  firfl: 

. x 

Cafe;  and  1 — L=i — x*?  in  the  latter:  Confe- 

quently  1  +  L*—  1  +*,  and  1  —  x.  That  is, 

according  to  Sir  Ifaac' s  "Theorem ,  i-f-^L-[-t«:IL1-|- 
cT^L5-}-  A#4L4-|-  t^o^5Ls,  &c.  =  1  — ;  and  alfo 

I  ^L-f"  - ■*  6^5L:5-[-  aV^4L4 - 'li  oH  5Ly,  &C. 

=1 — confequently  the  Number  14-tf  or  1 — x 
is  readily  known  by  thofe  Series,  be  the  Species  of 
the  Logarithm  what  it  will.  That  is,  whether  it  be 
Neper's  Logarithm,  where  n=iooooo,  &c.  and  fo 

1  +*=  1  +L+ILaT;IL3-f  xVL4-+;TloLy ,  &c.  or  whe¬ 
ther  n=z 23025850,  &c.  for  Briggs' s  Logarithm. 

15.  If  one  Term  of  the  Ratio ,  whereof  L  is  the 
Logarithm,  be  given,  the  other  Term  will  eafiJy  be 
had  by  the  fame  Rule.  Let  a  =  the  leaft  Term  of 
the  Ratio,  and  b  ==  the  greateft  ;  then  becaufe  it  is 

1  :  1  +  x ::  a  ;  b  ;  and  fo  1  =  —  —  1  ^  l  + 

f La  4-  ^L3  4-  AL4,  &V.  if  ;z= 1000000,  &c.  and 
therefore  b  =  a  — |—  tzL  — |~  l^zL2,  -J-  \a L5,  &rc.  if  ^  were 
|iven  |  but  if  ^  were  given,  becaufe  1  :  1 — x  ::  b :  <7, 

therefore 


4  8  A  Method  of  eonftruAing 

therefore  i  —  x  =  —  ;  and  fo  a  =  b  —  bl _>  + 

t? 

IbL —  IbXJ-f  tsL,  &c.  Wherefore  by  the  Help 
of  tht  Tables,  the  Number  belonging  to  any  Loga¬ 
rithm  will  be  exactly  had  to  the  utmoft  Extent  of 
the  Tables. 

b 

1 6.  Suppofe  —  =  N,  the  Number  belonging  to 

•  b 

the  given  Logarithm  L  of  the  Ratio  —  ,  then 

h  .  b  l_ 

_  =  a,  let  the  Logarithm  of  the  Ratio  be  3, 

and  let  the  Term  b  be  known  ;  then  (per  Rule, 
Art.  1 5.)  we  have  1  :  1 — x  ::  b  :N,  and  fo  1  —  x  = 

—  ,  and  N—  b  — -  £3  4-  4^33  — -  \bT\  &c.  if  3  be 

b 

Neper’s  Logarithm,  but  Nz=zb — bn’Rfibn^H — lnzb 33, 
&c.  if  n =2. 302  5,  &ce  as  in  Briggs’s  Logarithm. 

But  if  the  Ratio  be  ~  =  iV,  then  ~  —  b,  and  fo 

b  ’  N 

1  4_  x  =  —  ,  therefore  N=:a~f~a'3~j-ia'E^-j-{a3s,  &c. 

Or  Y=  eiJu  an^  +4^«2,3a-|-^3335  (sV.  Note,  here 
a  and  b  denote  the  Number  belonging  to  the  neareft 
next  lejjer  or  next  greater  Logarithm  than  the  given 
Logarithm  L,  and  the  Logarithm  3  is  the  Difference 
of  thofe  Logarithms  *,  wherefore  as  3  is  lefs,  the  Se¬ 
ries  converges  the  fwifter  ;  and  finds  the  Number  N 
of  the  Logarithm  L,  much  fooner  and  eafier  than 
the  Rule  in  Art.  15. 

17.  In  the  foregoing  Series 

x=r  N ;  the  three  fir  ft  Steps  may  be  abridg’d  thus, 

a  -} — 3  =  a  f  a 3  -|_  4^33,  very  nearly,  and  may 

1  ?  * 

ferve  with  Examine fs  enough  for  Numbers  not 
exceeding  14  Places,  which  is  more  than  fuffi- 
cient  for  common  Ufe.  Therefore  we  may  take 


3 
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Ar$  and  if  the 


a  Hr  — , — —  -  >3  —  -  _  ,  i 

Index  n  taken  for  Briggs's  Logarithms,  we  ftiall  have 


a  + 


a  3 
n  1 


N,  or  b 


M  *  2. 


iV  5  that  is 


zz 


*3 


(putting  z  =  %  =,  43429,  &c.)  ggg? 

=  iV ^  which  Equation  may  be  refolv*d  into 

s+ia 

the  following  Analogies  *, 

2— £3  :  ::  a  :  JV;  dr, 

T  *  - 

f3 


AT,  or 


‘VIZ,  I  (  1“  7  717- 

l  z-Ka  :  z—^  ::  b  :  N. 


1 8.  If  more  Steps  of  this  Series  be  defir’d,  it  will 
be  found  as  follows,  viz.  a  +  — L_  —  CtfL3  -f-« 

I  aS[  1—3 

,  &c.  —  iV ;  alfo  the  Rule  1+0L+  Itz/zLL-F 

1 - 23 

l/z5L3,  &c.  may  be  thus  contracted,  viz.  1  -+* 

2-HzL-f-r#/zLL  x  f#L=JV.  What  is  faid  concern¬ 
ing  this  Method  of  making  either  Logarithms  or 
Numbers ,  I  prefume  is  fufficient  to  render  it  very  in¬ 
telligible  to  any  common  Capacity,  and  to  fhew  the 
admirable  Ufefulnefs  and  Excellency  thereof  beyond 
any  other,  hitherto  invented. 


C  H  A  F, 


u 


' The  Logarithmic  Series 
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CHAP.  VII. 

fhe  *  Logarithmic  Series  aforegoing ,  demon - 
/Irate  d  alfo  by  *  Fluxions,  and  from  the  Na¬ 
ture  of  the  *  Hyperbola. 


i/iIHE  preceding  Series  for  the  Logarithms, 
X  which  has  been  demonftrated  purely  from 
Arithmetical  Principles ,  or  the  Properties  of  Num~ 
hersy  may  alfo  be  prov’d  from  the  Do&rine  of  the 
Fluxions  of  Logarithms .  For  the  Writers  on  Flux* 
ions  varioufly  demonftrate  the  Fluxion  of  the  Loga¬ 
rithm  of  any  Number  is  equal  to  the  Fluxion  of  that 
Number  ( whofe  Logarithm  it  is )  divided  by  the  faid 
Number  it  felf 

2.  Let  the  Number  propofed  be  i+x,  the  Flux¬ 
ion  of  which  is  ■*,  therefore  the  Fluxion  of  its  Loga¬ 
rithm  will  be  =  ;  from  whence  the  foregoing 

I  PC 

infinite  Series  for  the  Logarithm  of  the  Number  i-f-x 
may  be  derived,  as  follows.  The  Logarithm  of 
i -Hi?  is  equal  to  the  flowing  Quantity  or  Fluent  of 


the  faid  Fluxion  But  f—=  x  x  — * —  .  and 

i  -\~x  i  -\-x  i  y 

=i-hx)  i  (=i —  x*i~xx — x5,  &c: 

I  PC 

i  Arx 


*  - — x 

’~\~XX  ** 


— x* — x+ 


•  -He4,  &c. 


o 


Chap. VII.  demonftratedby  Fluxions.  ji 

3.  The  Quotient  then  1— x+w1— , x*~t~x*9  Sec, 

—  -JL-  ;  but  *  X  l—X-\-X% - &C.  = 

1 1 1  {—  PC 

*  • 

Xx~\~xzx — &c.  =  .  The  Fluent  there- 

I  -\-x 

fore  of  that  infinite  fluxionary  Series  (by  the  inverfe 
Method  of  Fluxions)  is  found  to  be  x — ixa-f*'3*3 — » 
F4-f-iw5,  &c>  which  therefore  is  the  Logarithm  of 
the  Number  and  is  the  very  fame  with  that 

Series  in  the  foregoing  Chap.  VI.  Article  7.  for  Ne¬ 
per's  Logarithms. 

4.  Again,  if  the  Ratio  be  decreafing ,  or  the 
Number  be  1 — x,  the  Fluxion  of  this  alfo  is  xy  and 

therefore  the  Fluxion  of  its  Logarithm  .  But 

I  —x 

A —  s=  x  X  — L  —  l~i-x4-X% &C.  X  X  x  JL 
I — x  1 — * 

&c.  The  Fluent  of  which  is  x_j-Av24- 
•|x3-)-^45  &c.  the  fame  Series  as  that  in  Article  8.  of 

the  preceding  Chapter ,  for  Neper's  Logarithm  of 

1 — —x. 

5.  The  fame  Series  is  like  wife  deduced  from  the 
Nature  ox  Equation  of  the  Hyperbola.  For  letFCFJ 
be  an  Ffyperbola  (Fig.  VI.)  AE,  AI,the  Afymptotes  ; 
draw  BC,  DC  parallel  to  AI  and  AE  ;  alfo  draw  the 
Ordinate  EF  parallel  to  the  Ordinate  BC,  or  Afymp- 
tote  AI.  Let  AB=^,  EF—y,  and  BE~x  The 
Equation  aaz^ayfxy  exprefles  the  Nature  of  the  Fly- 
perbola  between  the  Afymptotes.  Now  the  Fluxion 
of  the  Space  between  the  Abfcijfa>  Ordinate ,  and 
Curve ,  is  always  equal  to  the  Product  of  the  Ordi¬ 
nate  into  the  Fluxion  of  the  Abfcijfa  ;  that  is,  in  this 
Cafe,  =y*.  Therefore  to  determine  the  Fluxion  of 
the  Afymptotic  Space  contain’d  between  the  AbfciBa 
BE,  the  Ordinates  EF,  BC,  and  the  Curve  of  the 

Hyperbola  FC,  we  have^~=jy,  therefore  ACL  — 

Fluxion  of  the  faid  Space  FCBE. 

H  2 


6. 


'§■ 3  The  Logarithmic  Series ,  &c. 

6.  But  x  *,  and  ~  =  z+x)  aa 

K  a~\~x  a-\-x  a-\-x 

(=a-~x-h-  —  -+-,  & c.  Wherefore  = 

a  aa  a*  ‘  #-3-'**’ 

— xxA-  LA  —  ‘EA  -f-  Ld  ,  &c.  But  the  flow  - 

a  da  a 3 

ing  Quantity  of  this  fluxionary  Series  is  ax  —  \x*  -H 

—  —  —  -+-  ~  ,  &c.  —  the  Space  FCBE.  Sup- 

3  a  4 aa  5a3  r  A 

pofe  a~  i,  then  x — — 4*4-H#s,  &c.  =  the 
H\d  Afymptotic  Space  FCBE,  as  before.  But ’tis  evi¬ 
dent  this  is  again  the  very  fame  Series  as  was  invented 
by  Dr.  Halley  i or  the  Logarithm  of  the  Number  i-Hv. 

7.  The  Afymptotic  Spaces ,  then,  are  with  refpeht 
to  the  Abfcifjd,  as  Logarithms  in  refpetl  to  Numbers . 
That  is,  lince  AB—i,  and  the  Logarithm  of  i  isr=o, 
the  Spaces  B  a  b  C,  B  c  d  C,  B  e  g  C,  B  h  k  C,  £sfc. 
are  the  Logarithms  of  the  Numbers  A  a,  A  c,  A  ey 
A  h,  &c.  Again,  becaufe  the  Abfcijfe  are  in  a  re¬ 
ciprocal  Proportion  of  the  Ordinates ,  that  is, 
AB  :  AE  ::  EF  :  BC;  therefore  the  Afymptotic  Spaces 
are  in  refpecft  of  the  Ordinates  as  Logarithms  in  re- 
fpecft  of  Numbers:  Yet  fo,  that  while  the  Ordinates 
BC,  ab9  cd ,  eg,  hk ,  EF,  decreafe  in  a  Geometrical 
Ratio ,  the  Spaces  B  <2  3  C,  BcJC,  &c.  may  in- 
creafe  in  an  Arithmetical  Ratio.  And  fince  in  Ne¬ 
per’s  Logarithms  ~  x  x  —  ixx  i xxx  —  lx 4,  &c. 

n— 100000,  &c.  ’tis  plain  his  Logarithms  become 
the  fame  with  the  Hyperbolic  Logarithms  juft  now 
confider’d. 


CHAP, 
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CHAP.  VIII. 

Jhe  Method  of  confiruPling  Logarithms  by  the 
Infinite  Series,  exemplified  and  illuft rated. 


i .  ri  A  H  E  Manner  of  railing  theorems  for  the 
Conftruftion  of  Logarithms  hath  been  fuf- 
ficiently  explain’d  ;  it  therefore  remains  that  we  il- 
Juftrate  the  fame  by  proper  Examples.  The  Theo¬ 
rems  for  doing  this  diredUy  are. 

Theorem  I.  jt  xx  f#2zp  ix+Pr  }xs,  See. 


==  L,  izbv. 

#t*i  tt  i  2(3  .  2>1  ^  i  2(3  5  -  2d 7  <• 

1  heorem  II.  j  x  —  +  —  -r*  —  -r-  — r  ,  c 6c. 

"  s  38^  5SS  y S7 

^L,  4. 

5  £ 


Theorem  III.  *  *  ^  +  h  +  +  -Jh 


&c.  =  L. 


Theorem  IV.  «  *  §-  +  jgi  +  ^  +  ~§- 
See .  =  L 


2-S 


Note,  in  thefe  Theorems,  J  is  all  along  applied  to 

adapt  them  to  all  forts  of  Logarithms. 

2.  Since  fcthe  Logarithm  of  10,  we  muft  there¬ 
fore  firft  fuppofe  //=  10000000,  £bV,  and  thence  Ne¬ 
per's  Logarithms  will  be  produced  ;  and  fo  thefe  are 
the  firft  fort  of  Logarithms  which  Nature  affords: 
The  others,  as  Briggs' s  Logarithms ,  Sec.  are  made 
from  them.  In  order  then  to  find  a  Brigglan  Loga¬ 
rithm,  ’tis  neceflary  firft  to  find  Neper's  Logarithm 
of  10.  This  may  be  done  feveral  Ways,  either  by 
the  Number  10  it  f elf,  or  by  its  component  Parts.  It 
we  attempt  it  by  the  Number  io  it  felt,  then  became 

1  -Taw: 
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i-1-W:=io,  we  fhall  have  #=9,  which,  becaufe  it  is 
greater  than  1,  will  occafion  that  the  iirft  Theorem 
will  not  converge ;  and  To  the  fecond  T  heorem  muft 

beufed.  In  this  ~  =  A>,  and  therefore  sz=z  1  +  10 

b 

==  11,  and<L=io — 1—9.  And  thus  the  fecond  Se¬ 
ries  for  Nepers  Logarithm  of  10  will  be  ~  ■+■ 


&c. 


1458 

3993 


|  *  1 78  s  s 

1  505253? 


2.30258,  &c.  the  Logarithm  fought. 

3.  But  this  Series  converging  fo  extremely  Jlow^ 
renders  the  Bufinefs  very  tedious,  and  therefore  the 
laid  Logarithm  mu  ft  be  attempted  from  the  com¬ 
ponent  Parts  of  10.  And  fince  8  x  1 10,  and 
2X2X2-8,  therefore  3L,  2  T- L,  i|2=L,  10. 
Confequently  by  finding  the  Logarithm  of  2  and  L, 
we  find  the  Logarithm  of  10.  Now  Neper9 s  Loga¬ 
rithm  of  2,  is  found  either  by  Theorem  1.  which  con¬ 
verges  very  flowly  ;  or  by  Theorem  II.  which  con¬ 
verges  much  fafter  j  and  therefore  to  be  chofen. 


Here  ~  *=  —  5  and  a+b~s—h  a — b~d~i.  and  fo 

b  z  0 

the  Theorem  ld  -f-  £?  +  ,  tfc.  = *  2i  + 


,  2d3 *  .  ,  2d5 
Tf  x  —  H-  5  x  ™ 


3s3 

,  &c. 


5s" 


1  #  ^ 

3  x— , 
35’ 

A 


he.  222  L,  2  ;  this  multiplied  by  3,  is  2=  —  -j- 

__ _  3 

6 


6 

3 


•jx  -  +  ix-^Lr. — 3^,  2.  Now  put  7-.  212  A, 


and  becaufe  V  x  — 
3  3 


— .  ,  and  b  —  T  there- 

o  S  /-»  2  — —  .-v 

3  0 


Q 


fore  alfo  put  i  A  B,  and  fo  B  =  ~  *,  and  thus 

3 

|  B  —  C,  v  C  —  £),  and  fo  on.  Whence  the  The¬ 
orem  will  become  2  -+-  3  A  + 1  B-T  7  C  +  l  D  *+■ 

*  p  -J - *  F  Nr  —  oT  -? 

i  r  JL-j  1  x  7  3  — » 


4* 
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4.  By  the  fame  Theorem  II.  we  obtain  Neper's 
Logarithm  of  ii;  for  becaufe  L  =r  ii,  therefore 

L  =  L]  x  f  =  L  —  L.  Whence  a-{-  bz=:s~ 
and  d  =  a  — -  b  =  1  *?  and  fo  the  Theorem  —  -f- 

_  _  s 

,  &c. 


2d 3 


^c3 


.  2cP 

l~  -J-  ? 

5b 


£sfr. 


2 

7 


But  becaufe 


2. 

9 


+  fx  -  +  ix 

3  3  ^  3  93  3 7  3 5  X  9 

iB=C;  2-  =  * _ 1  x  1  =iD  =  E, 

9s  311  ““  39  9 

therefore  the  faid  Theorem  will  become 
iE-4-  yG-f-  ir+  tVL,  65V.  =L,  1  i  as  required.  If 
now  this  Series  be  added  to  the  foregoing  (in  Art.  3.) 
we  fhall  have  the  Theorem  2-f-  ifA-f-  iB-f-  FrC-f~ 
fD+  f?E+  tVF+t%\G+  ¥tH,  fcf*.  =  3L,  2+L, 
ii=L,  10.  See  the  Operation  in  the  Table  below. 


A: 
B  : 
C  = 
D: 
E: 
F: 
Gz 
H: 

Ii 

K: 

L. 

M: 


0.2222222222222 
.  .  246913580246 
.  .  .  27434842249 
.  .  .  .  3048315805 

.  3387OI756 

. 37633529 

.  4i8i5°3 

.  464612 

. ♦  •  •  5*624 

.........  5763 

. 637 

•  •  . . 71 


2. 

iiA 

tB 

iop 

11L- 

*D 

4fE 

X2.  p 

IO5VJ 

tVH 

I 

i4K; 
*Yt  L: 


J2  8 

x  7T 

I 


x 

a  5 


M= 


=  2.0000000000000 
=  . .2962962962962 
=  .  .  .  49382716049 
=...  13064210595 

= . 3387°  1756 

=  . . 98531420 

= . 2894887 

= . 876124 

= . 27330 

= . 8454 

= . 273 

. 8  5 

. 3 


Thus  Neper’s  Log.  of  1 0=2. 302 5 8 509 2 9940, &V. 


5.  The  Logarithm  thus  found  (if  continued  on)  will 

be  2.302 5850929940456840 1 799 14546843642076 

01 1014886287729760333285  =0  s  and  there¬ 

fore 


\6  Of  cbnjlr u&ing  Logarithms , 

fore  in  making  the  Briggian  Logarithms ,  we  fhall 
have  0.43429448 1 9032 5 1 82765 1 1 289 1 89 1 660 
50822943970058036665661 14454,  &c.  the  Reci¬ 
procal  of  the  former  j  which  henceforth  let  be  Call’d 
%  3  that  is,  let  f2=z.  And  now  we  are  prepar’d  to 
find  the  Logarithm  (of  any  Form)  of  any  other 
Number. 

t 

6.  For  Example,  let  it  be  required  to  find  Briggs’s 
Logarithm  of  2,  to  10  Places  of  Figures.  In  order 
to  this,  the  Index  ~  muft  be  affum’d  of  a  figure  or 
two  more  than  the  intended  Number  of  Places  in  the 
Logarithm.  The  fecond  Theorem  is  moft  proper  for 

this  Purpofe  j  for  here  again  ~  =  i,  d  =  1 ,  and 
,f==:  3,  and  alfo  2;=o.43429448i903  i  and  the 

Theorem  J  x  i-d  4-  *£!  -f-  2±  ,  £*.  =  z  x  !  4- 

_  s  3s3  5ss 

f  x-  +  |  L  EsV.  =  L,  2,  and  therefore  ~  -f- 

33  3s  3 

|  x  —  +  jXp5,  &c.  =  f  L,  2.  Here  put  ~  =  A, 

3  3  3 

and  becaufe  ~  =  —  x  —  =  £  x  A  =  B,  and  thus 

33  3  3 

5_  =  ~x  ~  =  £  B  =  C,  and  fo  on.  Therefore 
3^  3  3 

the  faid  Theorem  will  here  again  become  A-+-  £B+ 
104-  £D-f-£E4-  r.F,  &V.  =IL,  2,  as  is  evident 
from  the  following  Operation. 
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—A  “O.i 

447648273OI 

AzzzO.  1 

447648273OI 

'  B  — 

160849808 I I 

IB— 

53'6l660270 

I78722OO9O 

iC= 

357444018 

D~ 

I9858OOIO 

ID— 

2  8  3  6  8  5  7  2 

Ezz 

22064445 

fE— 

245 1 605 

F  zz 

245 1 60 5 

7,  F— 

222873 

Gzz: 

272400, 

iiG — 

20953 

Fizz: 

30266 

6  H— 

2017 

I  zz 

33fc 

M  = 

197 

K  = 

373 

19 

L  — 

41! 

*i,L= 

i 

The  Sum  is . FL,  2=0.150514997826 

Multiplied  by  ......  . . 2 

The  Briggian  Logarithm  of  2—0.301029995652) 


7.  This  Logarithm  may  yet  be  much  eafer  and 
fooner  obtain’d  by  this  Conf  deration,  viz.  That 

x 

1014'  *  i- 

L 


1  o 

x  — — -  ~ 

2.  10  243 

1000 p  j 


X  o  o  0 


I  02  4 


I  O  G  O 


IO 


—  ,  therefore 

L  F  =  L  2.  But 


L7^==Lirt*  Wherefore  put  ~  =  ~  a-new,  then 

7=253,  anc^  ^ — -£=^=3  ;  thus  Theorem  II. 
will  converge  much  fafter,  and  will  become,  in 


+ 1  x 


35 


2533  '  >  "  2535 


Numbers,  2:  x  f  x  -^.4~  f  x 

Or  if  ~  ==  y,  the  faid  Theorem,  in  Species ,  is 

22y-f“f2y3  -f-  &c.  Suppofe  227  — A,  then 

fzy  3=r|x2 2;yxy Axjy 2”B,  alfo  fzyLzlxazyx^xyhzz 
IBxTrzC,  and  fo  on  ;  and  thus  the  Theorem  is 
A4-fA/(— B)T"tBy‘l(=iCj4-fCy2'(— Dj+JQA&c. 


I 
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f  2  zy=A=  0.01029947387912 
8 .  Wherefore  J  f  A xvjy=  Bzr  .  .  48271995 


4072 


TheSam  is  the  Logarithm  7  ^  ^ 

c  jooof t  ««s£_  r  •  •  0.01029995663980 

107.4-1 -L'llgj—  ^ 

Add  the  Logarithm  of  ~~  .  ..  3 .00000000000000 

And  xxo  of  that  Sum  will  }  ^ 

be  L2=  S  •  •  0,30102999566398.0 

Thus  you  fee  3  Steps  of  the  Series  thus  ordered,  are 
fufficient  for  14  Places  of  Figures,  whereas  before 
(Art.  6.)  1 1  Steps  produced  the  Logarithm  true  only 
to  10  Places. 

9,  Let  the  next  Example  be  to  find  the  Briggian 
Logarithm  of  3.  This  may  alfo  be  done  by  Theo¬ 
rem  II.  where  L  ~  f,  and  dzz. 2,  and  j=4  *,  alfo 

b 

~  =  i,  2:1=0,43429,  &  c.  as  before.  Then  z  x  —  -j- 


2^1 

iS3 


3^ 


&c. 


4-  ~  &C.  =  tX--  “f  IX  t  4"^x 

5s s  2  O 

L  3.  The  half  thereof  —  +  ix-|+ixdL 

2  8  1  32? 


&c. 


i  L  3.  Put  —  =  A,  then 

2  82 


i  A  =  B,  and 

32 


~  x  i  =  iB  =  C,  and  fo  on. 

o 


Whence  A-f-  iB+  fC+  tD-f-  iE,  & c.  =ZL  3. 
But  this  Series  converges  fo  very  flow,  that  as  many 
Steps  will  be  neceflary  as  you  intend  Places  of  Fi¬ 
gures  in  the  Logarithm,  and  more  •,  therefore  Re- 
courfe  muft  be  had  to  Theorem  IV.  which  here  comes 
into  play,  becaufe  the  Logarithms  on  each  Side  of  it 
are  known,  viz.  the  Logarithm  of  2  and  4. 

10.  Therefore  (according  to  Theorem  IV,)  <22=2, 

fe=4,  ~~  =  =  3?  ^=8,  confequently  iss=o, 

and  fo  iss  +  ah  =  S  =  17.  Wherefore  -  -J-.  f  x  ~ 

^  s  ^ 
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+  tx  ~-f  7  x  —  i  &c.  : 
then  lx  *  rfxAxi;  =  B 

o3  b 


L  ✓■§,  put  | 


59 


=  A. 


JL  ™  ^ 

,  5  X  ,cT7  =  5  X 


=  C,  &V.  Alfo  i/f-  x  T_  ~  3,  wherefore  Lt/f  + 

L~f  =  L  3.  Therefore  L  -L  -f-A-f-B-f  C-f-D, 
—  L  3.  See  the  Operation  following. 


L 


1  ^  Li-j-L/j. 


v/  S 


°-45I5449934959 
{X  f  =  A  = .  255467342296 

294656680 

611744 

I5II 


Thus<  k  xA  =  B  =  ,  a  ,  , 


xB=;C  = 


lx  k  xC=D  = 


The  Sum  is  the  Log.  of .  .  .  .  3=0.477121254719.0 

11.  But  this  Logarithm  may  yet  much  fooner 
and  with  lefs  Trouble  be  found,  by  the  Artifice  ufed 

in  Art.  7.  For  the  Ratio  -Til  =  *  and 

fo  65573,  and  ^ — -^=5=37  3  and  lince 

+  L^  = 


5x38  x  3 


7?  =  ~  ?  therefore  L  — 
3  5x3 


1  > 


L  5.  And  L 


21 5 
5*F 


L  38 ;  but  L  TL  =  L 

s  T  ^33  5 

cL2is— L5=  .......  3.81647993062 

Therefore  1  2W  0 

/  - -  =  ....  o  .....  .  O.OOO49OIO7O8 

The  Sum  is  the  Logarithm  of  3s  =  "3.8 1697003 770 

And  \  thereof  is  the  Log.  of  3  =  0.47712 125471 ; 
thus  th zfirft  Step  of  Theorem  II.  gives  the  Loga¬ 
rithm  true  to  1 1  Places. 


I  2 


1 


Atf  t 
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12.  The  next  Example  fhall  be  that  which  Dr. 
Halley  has  given  for  finding  the  Logarithm  of  23, 
which  is  done  by  Theorem  IV.  In  this  Cafe,  a— 22, 
b- 124,  4s=:23,  dss— 529,  <^=5 28,  and  dss ffabj=z 

I057=S.  And  f.  ^  ^  &c. 


T 

.L<  —  • 


-IS 


But  x 


iS 


4=  =  —  ;  therefore  L  ^A^2  + 
fi  ab  ib  -is 

=  L  7  j  and  becaufe  2x2  X2X3- 


is 


L  — _ 1 

^  24-4-22  i- 

24,  and  2x11=22,  therefore  alfo  3  L,  2  L  3 

=  L  24  ;  and  L  2  -f-  L  1 1  =  L  22.  And  — 

~  L  ;  therefore,  (proceeding  in  the  Opera¬ 
tion  according  to  Art.  10.)  we  have 

Ltd  dr. . 22  —  . .  1.36131696126690612945009172669805 

2* 

41 0874628 1 01 468 143473 1 5886368 


~  x 


•< 


-l  X 


J?  X 


ss 

I 

ss 


bo 


f 

xA=B= 

xB=C= 

xC^=D= 


L 


2  x  A  X  Dt=zE: 
SS 


1 2258521544181829460074 
6583235184376175 
4208829765 

2930 

1  he  Sum  =  L  23  =  . .  1 .3617278360175928788677771 1 225 1 17 

which  Logarithm  is  true  to  32  Places  of  Figures, 
and  thus  you  may  proceed  for  any  other. 

13.  In  making  Logarithms  for  Prime  Numbers , 
the  Artifice ,  or  greateft  Advantage  con  fids  in  finding 
fuch  a  Ratio  or  Frabhon ,  whofe  Terms  are  the  great  eft 
poflible  and  their  Difference  the  lead  ;  and  the  Num¬ 
ber  whofe  Logarithm  is  fought,  or  fome  Pozver  there¬ 
of,  is  an  aliquot  Part  or  Submultiple  of  one  of  the 
Terms  of  the  laid  Ratio  or  Fraction.  For  this  once 
obtain’d,  the  Logarithm  is  foon  acquired  by  Theo¬ 
rem 
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rem  II.  with  eafe.  Thus  the  Fra&ion  -= 
2i-LXIL  —  A  ^  where  J=i,  and  5=4041  the  Series 

J^ox  29  & 

will  converge  very  fwift  for  the  Logarithm  of  TiLT 
hut  x  —  —  L_  21 1  5  therefore  L  8 o-f- 

80x29  11  1  5 

L29-—  Li  1  added  to  the  Series,  gives  the  Logarithm 
of  2 1 1.  But  the  Ratio  or  Fraction  LH7°  —  = 

5  3  07040 

ILI_X.£1-I-1 —  will  make  the  Series  converge  very  much 

80x54x29x43  a  J 

fooner  than  before  •,  for  here  d—  1 ,  and  8=10774081. 
For  L80-FL54+L294-L43 — Li 2 1  added  to  the 
Series  (or  Theor.  II.)  gives  the  Logarithm  of  211% 
half  which  is  the  Logarithm  of2ii.  Laftly,  the 


21 1 


A  where 

a  y 


Fraction  - 

x  g  8 i 1 19440  60x28x53x113x197 

i,  and  s=  3 9 642  3888 1,  converges  to  that  Degree 
that  the  firft  Step  of  the  Series  quotes  the  Logarithm 
of  the  Fraction  to  29  Places,  to  which  add  the  Lo¬ 
garithms  of  the  5  Numbers  in  the  Denominator ,  and 
it  gives  the  Logarithm  of  2 1 14,  then  £  of  that  is  the 
Logarithm  of  2 1 1,  as  before. 

14.  The  greateft  Difficulty  confifts  in  finding  out 
proper  Numbers  for  producing  fuch  Fractions  as 
aforefaid  ;  and  the  beft  Method  of  this  is  by  prudent 
Fry  ah.  An  Example  of  which  is  here  fubjoin’d. 
Suppofe  I  would  procure  a  convenient  Fraction  for 
the  Logarithm  of  223,  I  make  tryal  thus  5 

(x  7=  1561 

C  x  8  =  178 4 

X  87  =  I 940 1 
X  2  =  446 


223 


Firft 

Then  223 j 
Therefore  223x387 


64001 


Having  thus  obtain’d  the  Term  64001,  9tls  eafy  to 
obferve  the  other  may  be  64000,  wherefore  the  Frac- 

:  and  finds  the  Logarithm  of 

&4.<5©Q 


tion  is 


640^1 
&  4  g  9 
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223  with  good  Difpatch.  Or  thus,  to  find  a  Frac¬ 
tion  of  larger  Terms  ;  fuppofe  I  afiume  the  Nume¬ 
rator  159000=1000x53x3,  then  to  find  the  other 
Term  as  near  this  as  may  be,  I  try  thus  5 

r  x  3  =  66q 

222  <  0  y 

3  lx  1  =  223 


(  x  13 
7 


:  2899 

11561 


Therefore  223  x  713  =158999,  which  is  within 
Unity  as  great  as  the  other  Term  159000,  and  con- 
fequently  the  Fraction  rr^~  is  that  required,  and 
thus  you  proceed  to  raife  the  Terms  of  any  other. 

15.  Let  the  Terms  of  any  Fraction  be  reprefented 
by  a— Lead,  and  h~G reateft.  Then  if  the  Ratio  be 

increafmg  it  will  be  but  if  decreafing,  Lj  let  that 

Term,  in  which  the  Number  fought  is  ingredient ,  be 
exprefsM  by  the  Frodudt  cx9  where  r=  the  Number 
(or  Product  of  Numbers)  whofe  Logarithm  is  known, 
and  x=  the  Number  whofe  Logarithm  is  fought. 

If  a~cx ,  then  ~  —  or  —  J  but  if  b—cx ,  then 


cx 


a 

CX 5 
2(1 


b  b 

or  —  ;  alfo  let  there  be  put  the  2d  Theorem 


a 


2d- 


2d5  s  2d7 


-f-  ztL.  -f-  ~  -j - &c.  then  if  the  un- 

known  Number  x  be  in  the  Denominator  of  the  in¬ 
creafmg  Ratio  viz.  ~  j  or  in  the  Numerator  of 

the  decreafing  Ratio  —  5  viz,  ~  *,  then  it  will  be 


Z+L^— Lr=Lx  And,  vice  verfa,  if  it  be  j  or 


the  Theorem  will  be  Z+L£ — Lc=Lx.  From 


cx4 


hence  the  Operations  in  the  foregoing  Articles  for 
making  Logarithms  have  their  Grounds  and  Reafon  ; 

and 
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and  every  thing  there  aflerted  is  from  this  Procefs 
very  evident. 

16.  To  find  the  natural  Number  of  any  Loga¬ 
rithm  propofed  •,  this  is  beft  done  by  the  Theorem 
in  Art.  17.  Chap.  VII. 

viz\b\  &c.  =  N. 


For  Example,  let  it  be  required  to  find  the  Interefl:  of 
one  Pound  for  one  Day,  at  the  rate  of  6  /.  per  Cent, 
per  Annum ,  Compound  Inter efi ;  which  is  to  extract 
the  Root  of  1.06  taken  as  the  365thPower-,  thus 
the  Logarithm  of  1.06=0,0253058652647702408- 
46731186351,  (Sc. 

Which  divide  by  365,  iL— 0.00006933 1 1377 1 16- 
the  Quotient  is  3  99289991044346,  (Sc. 

The  next  neareft  7^=1. 000 16=0.00006948 155 87- 
Log.  &  its  N°.  3  28037517724712696,  (Sc. 

Their  Difference  is  3=0.000000150421016338227- 
733668350,  (Sc . 

Mult,  this  by  #=2.3025850929940456840179914- 
54684,  &c. 

The  Product  is 

in'Si  =  0.000000346357189893416971322305 
= . .  .  1 19963302990864503 

^  . . •  •  •  4I55OI525I4 

#4S4  = . .  14391 

The  Powers  of  n  3.  Then 

I-Hr#43a=  1  .OOOOOOOOOOOOO5998 1 65 1495432  25 1 

A«434= . . . . . 599 

The  Sum  i+i#aaa-h  1  1 .00000000000005998 1 65- 

aJ4#4a4=  3  i49543285i=X. 


The  odd  Powers 

{#3—  0.000000346357 1 8989341 697 1 32  2  305 
6#5a5= . .*  6925025419 

Sum  #3~H»3a3=o.ooo©oo346357i8989342389634- 

7724=2:, 


Then 
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Then  the  Value  of  the  Series  is 

X — 2=0.999999653642870088227599085 1 26. 

Which  multiply  by  3=  1. 00016,  produces 

3  6  5 _ 

^1,06=1.000159653587452947441715500980, 
GiV.  =i\T,  the  Number  fought  of  the  given  Loga¬ 
rithm  L.  and  that  to  30  Places  of  Figures.  The 
fame  Number  may  befeen  produced  to  60  Places  in 
Mr.  Sherwin9 s  Mathematical  Tables. 


CHAP.  IX. 

Of  the  *  Logarithmic  *  Spiral ,  and  the  Nature 
and  Conjlruclion  of  the  Table  of  * Meridional 
*  Parts,  or  the  Nautical  *  Meridian  * Line 3 
deduced  therefrom . 

i.T  F  any  Right-Line  pW  be  moved  with  an  *- 
quable  Motion  about  the  fix’d  Point  p,  and  at 
the  fame  time  the  Point  W  be  mov’d  towards  the 
Point  p,  with  a  Velocity  fuch  that  the  Radii  p  W,  p V, 
pS,  &V.  form’d  thereby,  be  in  a  Geometrical  Ratio 
decreafing,  then  the  Curve  WVSQ,  £dV.  is  called 
the  Logarithmic  Spiral ;  and  that  for  the  fame  Rea- 
fon  as  the  Logarithmic  Curve  before  defcrib’d  received 
its  Appellation.  See  Chap.  III.  Art.  8,  9,  10. 

2.  For  fuppofe  the  Arches  AC— CE— EG,  &c. 
and  therefore  in  Arithmetical  Progreffion  ;  and  fince, 
from  the  Generation  of  the  Spiral ,  the  Radius 
pB:pD  ::pD:pF  ::pF :  pH, Cfr.’tis  evident  the  Arches 
AC,  AE,  AG,  &c.  are  the  Exponents  of  the  Ratio's 
of  the  Radii  Dp,  Fp,  FIp,  &c.  to  thehrft  pB  ;  and 
fo  thofe  Arches  are  in  refpedt  of  the  Radii ,  as  Loga¬ 
rithms  in  refpeft  of  Numbers  *,  as  is  fufficiently  mani¬ 
fest  from  the  preceding  Theory  of  Logarithms.  Where- 
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fore  if  Bp  be  mi,  10,  ioo,  &c.  and  PW  (the  loth  Pro¬ 
portional  from  pB)  be=zio,  ioo,  1000,  &c.  then  fhall 
the  Arch  AC=,  ioooooo,  AE  —,200000,  AG 
3000000,  &c.  A  W=i, 0000000  ;  be  the  Loga¬ 
rithms  of  the  Numbers  pD— 1,2  .59,  &c.  pF=i,585» 
£dV.pH=i,996,  £dV.pW=iO;  of  Mr.  ^nygTsForm. 

3.  This  Spiral  is  alfo  called  the  Equiangular  Spi¬ 
ral  becaufe  it  interfecfs  all  the  Radii  pW,  pQ,  pB, 
at  equal  Angles.  For  fuppofe  the  Arches  N  P,  TW, 
infinitely  fmall,  and  equal  to  each  other,  then  may 
the  Parts  of  the  Spiral  OQ^and  VW,  be  efteemed 
Right-Lines ;  and  fo  fince  in  the  Triangles  pOQ* 
pVW,  the  Sides  are  proportional,  viz.  Op  :  pQp: 
Vp  :  pW,  and  the  Angle  OpQ~VpW,  thofe  Tri¬ 
angles  are  fimilar  ;  and  confequently  the  Angle 
pOQ^rpVW,  or  pQO.~pWV  i  and  thus  it  will  be 
every  where; 

4.  Now  let  the  whole  Scheme  be  confidered  as 
the  Stereographic  Projection  of  one  Quarter  of  a  pa¬ 
rallel  Hemifphere ,  then  fhall  p  be  the  Pole  ;  WLA, 
a  Quadrantal  Arch  of  the  Equator  ;  the  Radii  pW, 
pT,  pR,  &c.  the  feveral  Meridians  proje&ed  on  the 
Plane  of  the  Equator.  And  fince  ’tis  the  Property  of 
every  Rumb  Line  to  make  equal  Angles  with  every 
Meridian  on  the  Globe,  and  the  Angles  contained 
between  circular  Arches  on  the  Globe,  are  equal  to 
the  Angles  between  the  fame  Arches  in  this  Projec¬ 
tion,  therefore  the  Logarithmic  Spiral  WQB  is  the 
Projection  of  a  Rumb  Line  ;  fince  it  has  the  fame 
Property  on  the  Projection,  as  the  Rumb  on  the 
Globe,  as  was  proved  Art.  3.  hereof. 

5.  Moreover,  fmce  all  Right  Circles ,  fuch  as  are 
the  Meridians  in  this  Cafe,  are  projected  into  Right 
Lines  equal  to  the  Tangents  of  half  the  Arches,  the 
Lines  pB,  pD,  pF,  pH,  will  here  reprefent  the 
Tangents  of  half  the  Complements  of  the  Latitudes 
AB,  CD,  EF,  GH,  &c.  And  fince  the  Arches  in 
the  Equator  AC,  A£,  AG,  &c.  are  the  Differences 

K  '  of 
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of  Longitude  made  by  failing  from  the  Latitude  B  to 
the  Latitudes  D,  F,  H,  &c.  on  the  Rumb  or  Spiral 
BOW;  and  it  has  been  fhewn  that  thofe  Arches 
are  the  Logarithms  of  the  Radii  pD,  pF,  pH, 
therefore  the  Difference  of  Longitude  is  the  Loga¬ 
rithm  of  the  Fangent  of  half  the  Complement  of  Lati¬ 
tude ,  reckoning  from  the  Meridian  A  p  whence  the 
Logarithms  begin. 

6.  Therefore  the  Difference  of  Longitude  RT, 
made  by  failing  from  the  Latitude  S  to  the  Latitude 
V,  is  equal  to  the  Difference  of  the  Logarithms 
(AT — AR)  of  the  Tangents  of  the  half  Comple¬ 
ments  (Sp,  Vp)  of  the  Latitudes  TV,  RS.  And 
iince  the  Ratio  of  the  Rrogreffion ,  or  of  pW  to  pV, 
may  be  infinitely  varied,  5tis  plain  the  infinite  Num¬ 
ber  of  Rumbs  in  a  Quadrant  of  the  Compafs  deter¬ 
mine  fo  many  Scales  of  Logarithms  in  the  Equator  of 
the  Tangents  of  the  half  Complements  of  the  Lati¬ 
tudes  proper  to  thofe  Rumbs. 

7.  Since  then  every  different  Rumb  is  a  Logarith¬ 
mic  Spiral ,  or  determines  a  peculiar  Scale  of  Loga¬ 
rithms  for  the  Tangents  of  the  Half-Complements  of 
its  Latitudes,  therefore  any  Canon  or  Table  of  Lo¬ 
garithm-Tangents,  whether  of  Neper’s,  Briggs's,  on 
any  other  Form  whatfoever,  is  the  Scale  of  the  Dif¬ 
ferences  of  Longitude  on  fome  determinate  Rumb  or 
other.  And  confequently  if  this  Rumb  be  invefti- 
gated  for  the  Canon  of  Briggs's  Logarithms  (now  in. 
common  Ufe,)  the  faid  Canon  may  be  made  to  an- 
fwer  all  the  Purpofes  of  the  Nautical  Meridian  Line , 
in  Proportions  of  Navigation  by  Mercator's  Chart. 

8.  I11  order  to  this  it  muft  be  confidered,  that  the 
Meridian  Line  is  a  Fable  or  Scale  of  Longitudes  to 
every  Degree  of  Latitude  on  the  Rumb  which  makes 
an  Angle  of  45  Degrees  with  the  Meridian  ;  fince 
in  this  Cafe  the  Differences  of  Longitude  are  always 
equal  to  the  Meridional ,  or  enlarg'd  Differences  of 
Latitude .  And  fince  there  is  a  certain  Rumb  on 

which 
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which  Neper’s  or  Briggs’ s  Logarithm- Tangents  are 
the  Differences  of  Longitude,  and  the  Differences  of 
Longitude  on  different  Rumbs  are  to  one  another  as 
the  Tangents  of  the  Angles  of  thofe  Rumbs  with  the 
Meridian  ;  therefore  by  having  given  the  Difference 
of  Longitude  on  the  Rumb  of  450,  in  Logarithms 
of  Neper’s  Form,  and  the  Length  of  the  Arch  of  one 
Minute  or  Degree  in  Parts  of  the  Radius,  we  can 
thence  find  the  Angle  of  that  Rumb  which  deter¬ 
mines  that  Species  of  Logarithms . 

9.  Now  the  Momentary  Augment  or  Fluxion  of  the 
Tangent-Line  of  450,  is  exactly  double  to  the  Flux¬ 
ion  of  the  Arch  of  the  Circle  (as  is  eafily  proved), 
and  the  Tangent  of  450  being  equal  to  Radius ,  the 
Fluxion  alfo  of  the  Logarithm -Tangent  will  be  double 
to  that  of  the  Arch,  if  the  Logarithm  be  of  Neper’% 
Form  but  for  Briggs’s  Form,  it  will  be  as  the  fame 
double  Arch  multiplied  into  J=o. 43429,  &c.  or  di¬ 
vided  by  72=2,30258,  &c.  the  Index  for  Briggs’s  Lo¬ 
garithms.  See  Chap.  VI.  Art,  7. 

10.  Now  fince  the  Radius  of  a  Circle  being  put 
=1,  the  Periphery  thereof  will  be  6.2831853,  &c. 
therefore  360)6.2831853,  &c.  (0.01745329,  &c.= 
the  Length  of  the  Arch  of  one  Degree.  Alfor 
60)0,01745329,  &c.  (0.0002908882,  Sec.  =  the 
Length  of  an  Arch  of  one  Minute ,  in  Parts  of  the 
Radius.  If  one  Minute  be  fuppofedUnity,  then  the 
Proportion  for  finding  the  Angle  of  the  Rumb 
required  for  Neper’s  Logarithms,  will  be,  as 
1  :  2.908882,  &c.  ::  Radius  =  1000000,  Sec.  :  the 
Tangent  =.2908882,  &c.  of  the  Angle  7C  i'42"* 
whofe  Logarithm  is  10.4637261 17,  Sec.  and  under 
that  Angle  is  the  Meridian  interfered  by  that  Rumb 
Line ,  on  which  the  Differences  of  Neper’s  Loga¬ 
rithm-Tangents  of  the  Complements  of  the  Latitudes 
are  the  true  Differences  of  Longitude,  eftimated  in 
Minutes  and  Parts,  taking  the  firft  4  Figures  for 
Integers. 

K  2  11. 
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ii.  But  fince  Neper's  Logarithms  are  to  thofe  of 
Mr.  Briggs's  Form,  as  2.302585,  &c.  is  to  i.oooooq, 
&c.  therefore  to  find  the  Angle  of  the  Rumb  for  the 
Logarithms  of  Briggs' s  Form  ;  this  muff  be  the  A- 
nalogy,  As  2302585,  &c.  :  2908882,  &c. ::  1000000 
—  Radius:  12633114,  &c.  =  the  Tangent  of  the 
Angie  5  x°  38'  9",  whole  Logarithm  is  10. 10 1 510428, 
&c.  Wherefore  in  the  Rumb  Line  that  makes  an 
Angle  of  51 0  38'  9"  with  the  Meridian ,  the  common 
(viz.  Briggs's)  Logarithm-Tangents  are  the  true  Dif¬ 
ferences  of  Longitude. 

12.  But  if  zT  ox  of  Logarithm-Tangents  be 

made  by  Extraction  of  the  Root  of  the  infimtefi  Row¬ 
er,  whofe  Index  is  the  Length  of  the  Arch  you  put 
for  Unity  in  the  faid  Scale  ;  then  fuch  a  Scale  of  Lo¬ 
garithm-Tangents  fhall  be  the  true  Meridian  Line  re¬ 
quired.  If  then  the  Radius  or  Tangent  of  450,  be, 
put  =  1  ;  and  the  Difference  between  Radius  and 
any  other  Tangent  T,  be  called  t ;  fo  that  it  be 
Rdbt— T  ,  the  Logarithm  of  the  Ratio  of  Radius  to 
fuch  ! Tangent  will  be 


n 


X  t 


£ !  r  fL  _  *1  '  1 

2  -  3  4  '  5 


T  r  5  &c- 


the 


Logarithm  of  the  Tangent  T,  when  it  is  R~Ft— T. 


Or  f  x  t  -f-  l—  ~  JU  -4-  —  ,  &c.  when  it 
2  3*45 

is  R — t— T.  All  which  is  evident  from  Chap,  VI. 
Art.  $. 

13.  According  to  the  fame  DoClrine  (Art.  9.  of 
the  fame  Chap.)  if  T  be  any  given  Tangent,  and  t 
the  Difference  thereof  from  another  Tangent ;  then 

the  Logarithm  of  their  Ratio  will  be  r  x  - - —  -u 

o  ”  ^  '£<  2'rz  1 

-fi  — Jr*  ’  &c-  when  T  is  tlie  teflei: 

Term.  But 


-1-  x  L 

n 


when  T  is  the  greater  Term. 


14. 
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14.  Again,  it  was  fhewn  in  the  fame  Chap.  VI. 
Art.  10,  and  11.  that  thisSeries  may  be  made  to  con- 
verge  twice  as  fwift,  omitting  all  the  even  Powers, 
ky  putting  *T  =  the  Sum  of  the  Tangents,  and  t  = 
the  Difference ,  as  above.  For  thus  the  Logarithm 


will  be  *  x 


Lf  il  r  Al+Al, 

T  *  3^  T*  fl7  5 


the  Lo¬ 


garithm  of  the  Ratio  of  thofe  two  Tangents. 

'  15.  But  the  Ratio  of  T  to  t,  of  of  the  Sum  of  two 
Tangents  to  their  Difference  is  the  fame  as  that  of  the 
Sine  of  the  Sum  of  thofe  Arches  to  the  Sine  of  their 
Difference ;  that  is,  again,  as  the  Ratio  of  the  Co- 
Sine  of  middle  Latitude  (or  half  Sum  of  the  Arches) 
to  the  Sine  of  half  the  Difference.  Therefore  putting 
S  =:  Sine- Complement  of  middle  Latitude  and  s  for 
the  Sine  of  half  the  Difference  of  Latitudes  ;  then 

1.  —  A  ;  and  fo  the  Series  will  become  z  x  L  jl, 

£i:  b  s  * 

, 

4r  4-  ,  ’  &c-  wherein  as  the  Differences 

of  Latitude  are  fmaller,  fewer  Steps  will  fuffice. 

16.  So  that,  if  the  Equator  be  put  for  Middle -La¬ 
titude.,  then  fhall  Si^Radius,  and  j— Sine  of  the  La¬ 
titude  ;  then  the  Meridional  Parts  reckon’d  from  the 


Equator  will  + 


5rS 


jr7  ’ 


Here  becaufe  r—  1 ,  therefore  ~  x  j-f- 


4-  L  .4. 
1  5  ~ 


C. ,  £f?r.  the  half  of  which  is  -i  i  L  j  L  T  i! 

7  n  1  3//  *  5»  *  77*) 

fcfc.  =  half  the  Logarithm  of  the  Ratio  of  r  -f-  j  to 
r  —  s\  that  is,  of  the  verfed  Sines  of  the  Diftances 
from  both  Poles.  See  Chap.  VI.  Art.  11. 

17.  I  fhall  exemplify  this  Series  by  fhewing  how 
the  Meridional  Parts  anfwering  to  30°  Latitude,  are 
to  be  found  thereby,  and  that  by  the  Logarithms, 
as  follows. 


The 


jo  ConftruBion  of  the  liable 

The  Logarithm  of  the  i  ^  _ 

c.  5  -r^  •  >  J”0.  £000000: 

bine  ot  30  Degrees  is  >  J 

Multiply  by . 

The  Logarithm  of . J3  = 

Subftrad  the  Logarithm  of . 3= 


:«9. 6989700 

. _ 3 

.9.0969100 

0.4771213 


1  here  remains  the  1  si  ,rr 

t  -a  c  f  ~  =  0.0416667= 
Logarithm  or  j  %  ^  ' 


r  f  5 


And  proceeding  thus, 
you’ll  find  the  o- 


s—  =0.0062500= 
—  =0.001 1160= 


ther  Steps  of  the^  7* 

Series  by  their Lo-  |  i!  =0.ooo2i7i: 


garithms,  as  here 
fet  down. 


.  1 1 


^  —  =0.0000444: 


8.6197887 
.7.7958800 
.7.0476920 
.6.3364875 

:.5.6472773 


The  Sum  ofs  -f-  — -J- 


j  7  ^9  f 

+  7  +  ir  +  ?— o.  5492942 =.9. 7398051 


.1 1 


I  L 


,  &c.  is 


To  which  add  } 

the  Log.  of  Ja=3437-74677o78,&c.=3.5362739 
The  Sum  is  the  ^ 


Log.oftheA/t?-  I 

ridional  Parts  l  viz.  1888,334,  &c.  =3.2760790- 
for  the  Arch  l 

of  30°  J 


18.  And  thus  you  may  proceed  to  find  the  Length 
of  any  other  Arch,  or  the  Diftance  from  the  Meri¬ 
dian  of  its  Parallel  of  Latitude  ;  and  fo  the  Meri¬ 
dian  Line  may  be  conftrudled  de  novo ,  if  any  one 
thinks  it  worth  while.  But  tho*  it  may  be  done  with 
greater  Accuracy  and  Exa&nefs  by  thefe  infinite  Se¬ 
ries  than  what  we  have  by  the  common  Method ;  yet 
the  Table  of  Meridional  Parts ,  or  Nautical  Line 
made  from  thence,  now  in  Life,  is  abundantly  fuf- 
ficient  for  all  the  Purpofes  of  Sailing  j  and  confe- 

quently 


Chap.  IX.  of  Meridional  Farts .  j  g 

quently  renders  a  new  Calculation  thereof  unnecef- 
fary,  and  a  Matter  of  mere  Curiofity.  And  indeed, 
fince  it  has  been  (hewn  above  (Art.  9,  10,  11.)  the 
Meridian  Line  is  no  other  than  a  Scale  of  the  Loga¬ 
rithm-Tangents  of  the  Half-Complements  of  the 
Latitude  on  the  Rumb  of  51*38'  9",  the  Propor¬ 
tions  of  Sailing  by  this  Method  are  refolvable  by 
only  the  Canon  of  Logarithm-Tangents  at  the  End 
of  this  Treatife  ;  fo  that  where  this  Canon  is  at  hand, 
neither  Meridional  Table  or  Line  can  be  necefiary, 
as  will  appear  by  a  Chapter  particularly  on  this  Sub¬ 
ject,  in  the  Practical  Part.  They  who  would  fee 
the  Theory  of  this  Branch  of  the  Art,  may  perufe 
N°.  219.  of  th e  Philo fophi cal  Tr anfaff ions ,  where 
they  will  find  a  moft  learned  Trad  on  this  Subjed, 
wrote  by  Dr.  Halley  \  from  whence  the  Subfiance  of 
this  Chapter  is  taken. 


CHAP.  X. 

Of  the  Conftrudtion  of  a  Large  *  Logarithmic 
Scale,  exhibiting  by  InfpeCtion  a  diftind:  *  I- 
dea  of  the  Nature  and  Agreement  of  *  Num¬ 
bers  and  their  *  Logarithms . 

j.  TT  is  an  Obfervation  of  the  earliefl  Antiquity, 
that  we  have  no  Ideas  in  the  Mind  which 
were  not  firjt  in  the  Senfes  ;  or  that  the  SenJ'es  of  the 
Body  are  the  only  Inlets  or  Entries  by  which  the  Idea’s 
of  Qbjedls  prefent  themfelves  to  the  Alind.  It  fol¬ 
lows  then,  that  the  Idea's  mufl  needs  be  fo  much  the 
more  clear  and  diftinbl  in  the  Mind,  and  confequently 
be  the  better  underflood  by  it,  by  how  much  the 
more  fully,  compleatly ,  and  obvioujly  they  firfl  of  all 
afted  our  Senfes.  Single  uniform  Qbjeds  eafily  in- 

imitate 
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finua’te  themfelves,  and  make  ftrong  and  clear  Ini- 
preffions  on  the  Mindy  while  thofe  which  involve 
Multiplicity  and  Variety  in  their  Nature,  are  pro¬ 
portionally  more  difficultly  apprehehded  by  the 
Senfes,  and  confequently  affedt  the  Mind  with  im- 
perfeff^  confufed ,  and  flight  Impreflions ,  which  there¬ 
fore  muft  produce  a  more  perplex'd^  obfcure ,  and  un¬ 
certain  Notion  or  Conception  of  the  Things  them¬ 
felves. 

2.  From  this  Confideration  we  may  eaffiy  learn 
the  Reafon  why,  of  all  the  vaft  number  of  Perfons 
who  understand  the  practical  Ufe  of  Logarithms,  fo 
very  few  of  them  know  any  thing  of  the  Nature  and 
Conftruffion  of  them.  The  Ufe  of  Logarithms  is 
very  obvious  to  the  Senfes  by  eafy  Examples,  but 
their  Nature  and  Conftriidtion  lead  the  Mind  too 
much  upon  the  Contemplation  of  Infinities  both  of 
Quantity  and  Variety ,  which  are  Subjects  too  vaftly 
abftrufe  and  remote  from  Sen  fie ,  ever  to  be  very  com¬ 
monly  underftood  ;  unlefs  fome  Expedients  be  con¬ 
trived,  which  may  help  to  facilitate  fo  difficult  an 
Affair. 

3.  And  as  there  are  principally  but  three  Ways, 
whereby  the  Nature  of  Logarithms  are  explained, 
viz.  by  Numbers ,  Species ,  and  Lines ,  the  Expedient 
aforefaid  muft  be  fought  in  one  of  thefe  three  Me¬ 
thods.  But  Numbers ,  of  all  things  elfe,  exhibit  the 
mod:  complex  and  various  Idea ,  therefore  it  cannot 
be  hoped  for  from  them.  Species ,  on  the  other  hand, 
are  too  fltnple  and  concife  a  Reprefentation  of  fo  vaft 
and  various  Idea’s  as  are  thofe  of  Logarithms ,  and 
have  nothing  of  their  Refemblatice  in  their  Form  ; 
this  Expedient  therefore  is  not  to  be  expected  from 
this  Head.  It  remains  then,  that  Right  or  Curve 
Lines  be  ufed  for  the  Purpofe  of  explaining  the  Na¬ 
ture  of  Logarithms,  by  making  the  whole  Matter  ob¬ 
vious  to  the  Senfes.  And  here  indeed  we  ftiali  find 
all  that  can  be  deftred,  or  is  ne cellar y  to  the  Purpofe. 

1 
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4.  For  Example,  let  the  complex  Idea  of  a  thou- 
fand  Units  be  to  be  exprefs’d  moft  advantageoufly  to 
a  Mind  unexercifed  about  fuch  complex’ d  Notions  ; 

*  if  you  do  it  by  Numbers  or  Figures,  it  muft  be  by 

*  .this  Expreffion  1000  ;  but  there  are  but  four  Cha- 
rafters  to  form  an  Idea  of  a  thoufand  feparate  Objedls 
in  the  Mind.  In  Species,  this  great  and  complex  I~ 
dea  is  often  reprefented  by  one  Character  alone,  as  x  ; 
or  two,  as  i-J-x  ;  which  are  Fill  more  obfcure  and 
abfolutely  unintelligible  without  fome  Pre-Notions  of 
the  Matter.  But  a  Line  may  be  taken  of  a  Length 
fufficient,  that  by  proper  Diviftons,  all  the  thoufand 
Units  may  be  render’d  diftind  and  obvious  to  the 
Senfe,  in  any  variety  of  Magnitude  almoft,  but  efpe- 
cially  if  they  are  equal  to  each  other,  as  in  the  Cafe 
of  Logarithms  before  us.  Wherefore,  fince  by  Lines 
fuch  great  and  almoft  inconceivably  complex  Ideas  are 
capable  of  being  reprefented  to  the  Senfes,  diflinft 
and  feparate  in  their  proper  Parts ,  and  the  Doftrine 
of  Logarithms  depending  entirely  on  fuch  Ideas ,  ftis 
evident  that  by  Means  of  Lines  of  a  fufficient  Length, 
the  Nature  and  Properties  of  Logarithms,  and  the 
Operations  thereby,  may  be  render’d  more  apparent 
and  compleat  to  the  Senfes,  and  fo  be  better  under - 

1  flood  in  the  Mind ,  than  by  any  other  Means  what- 
foever. 

5.  The  Confequence  of  all  which,  is,  that  the 
1  young  Tyro ,  and  all  who  would  have  a  true  Notion 
1  and  moft  clear  Underftanding  of  this  abfirufe  and  my- 

fterious  Doblrine,  ffiould  be  aftifted  with  fuch  a  large 
lineal  Conftruftion  of  the  Logarithms ,  as  hath  been 
1  hinted  at.  And  this,  1  hope,  I  have  effected  in  the 
large  Diagram  on  the  Copper- Plate  before  you,  with 
confderable  Exadnefs,  which  I  call  the  Logarithm 
1  mic  Scale.  Wherein  all  that  has  been  faid  in  the  Ge- 
i|  neral  Theory  aforegoing,  or  may  follow  in  th zprafti- 
ij  cal  Operations  of  Logarithms ,  is  evident  even  to 
i[  Senfe  it felf ,  to  a  very  wonderful  degree,  by  a  bare 

L.  Infpedion, 
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Infpedlion,  or  a  Glance  of  the  Eye  only  ;  and  there¬ 
fore  cannot  but  conduce  to  form  a  very  diftind:  and 
agreeable  Idea  or  Notion  both  of  the  T beery  and 
Praxis  of  this  admirable  Art. 

6.  The  Scale  conliifs  of  three  principal  Lines 
which  bound  it  *,  the  firft  is  AB  on  the  Side,  which 
is  22  Inches  in  Length,  and  is  divided  into  iooo  e- 
qual  Parts  which  reprefen t  the  natural  Numbers  from 
i  to  iooo,  all  which  are  vifible  and  diilindt  to  the 
naked  Eve  *,  which  Numbers  therefore  are  affixed  to 


every  ioth  Divifion.  The  fecond  is  AC  at  the 

j 

Bottom,  divided  into  300  equal  Parts ,  (as  being  but 
16A  Inches  long.)  Thefe  reprefent  the  Logarithms  ; 
if  each  of  thefe  equal  Parts  be  fuppofed  to  reprefent 
10,  or  100,  the  Logarithms,  then,  for  all  Numbers 
under  rooo,  will  be  exhibited  by  Lines  only  to  4 
or  5  Places  of  Figures,  including  the  Indices .  The 
third  principal  Line  is  the  Logari Emetic  Curve 
eDEFB,  in  which  all  the  Lines  of  Numbers  and  Lo¬ 
garithms  terminate,  and  whofe  Genefis  and  Proper¬ 
ties  have  been  before  deferibed.  See  Chap.  Ill,  IV, 
V,  &c. 


7.  The  Scale  conffibs  (or  is  made  up)  of  Lines  of 
Numbers,  and  others  which  are  the  Complements  of 
the  Logarithms  to  3.0000.  The  firft  nut  perpendi¬ 
cular  to  the  Logarithmetic  Line  AC  in  its  feveral 
Divisions,  and  increafe  in  Length  in  a  Geometrical 
Ratio  ;  as  hath  been  obferved  :  thus  dividing  AC 
into  3  equal  Parts  CG=GH,=HA,  if  GD  be  the 
ioth  proportional  Term  from  Ce=r,  or  Unity,  then 
fhall  GD— ioC'e— 10,  and  HE=ioGD=iooCe= 


100.  Laftly,  AB— 10  LIE=ioo  GD=ioooCe=: 
1000  ;  as  is  evident  from  the  Nature  of  the  Curve , 
and  by  Infpeltion .  The  Complements  of  the  Loga¬ 
rithms  are  the  Lines  which  run  acrofs  the  Diagram , 
parallel  to  the  Line  of  Logarithms  AC  ;  thefe  at  the 
Curve  refer  the  Numbers  to  their  proper  Logarithms, 
and  by  means  of  thofe  Lines  thus  eroding  each  other 

in 
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in-every  Part  of  the  Scheme ,  the  Logarithms  of  Num¬ 
ber  ^  and  the  Numbers  of  Logarithms  are  mo  ft  eafily 
and  obvioufly  found,  for  the  Extent  of  the  Scale, 
by  Infpeclion  only. 

8.  It  is  not  pretended  that  this  (or  any  other)  In- 
ftrument  is  capable  of  any  great  Exaflnefs  in  practical 
Operations  ;  ’tis  fucffiient  for  my  Defign,  if  it  only 
illuft rates  and  proves  the  Truth  of  every  part  of  the 
Do  Urine  of  Logarithms  to  the  Senfe,  and  thereby 
renders  it  eafier  to  the  Intellects  of  young  Learners. 
If  the  Theory  before  deliver’d  be  examined  by  this 
Scale,  it  will  be  found  to  agree  with  it  to  a  fenfible 
Exafinefs  \  it  being  as  it  were  but  the  fame  thing  at 
large.  In  the  following  Part,  I  fhall  Ihew  the  Cor - 
refpondence  and  mutual  Agreement  between  the  fun¬ 
damental  Operations  by  Logarithms  wrote  by  Num¬ 
bers, ,  and  the  fame  performed  on  this  Scale  *,  than, 
which  nothing  more,  that  I  know  of,  can  be  faid  or 
expected. 


-<£»->  '■Jin  'VV-v  'W->  'JVi  »yV»  'VSn  'Jin! 
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CHAP.  XL 

Of  the  Conftrudion  of  the  Artificial  Lines  of 
Numbers,  Sines,  WTangents,  by  means 
of  the  Logarithms. 

i,  H  E  Canon  of  Logarithms  being  compleated 
j|  and  orderly  digcjhd  in  Books ,  tho’  this  was 
a  greater  Advantage  than  the  Mathematicians  of  any 
former  Age  enjoy’d,  yet  not  content  to  have  a  bulky 
Book  of  Logarithms,  fit  to  be  ufed  in  Studies  and 
with  the  Pen  only,  the  reftlefs  and  unfatisfyM  Fa¬ 
culty  of  Invention  in  Men  put  them  upon  Contri¬ 
vances  to  new -model  'and  reduce  the  voluminous  Art 
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to  Miniature ,  that  fo  it  might  be  render’d  more 
eafily  manageable,  and  more  univerfally  ufe ful. 

2.  In  the  Purfuit  of  this  Defign  they  alfo  very 
well  fucceeded  *,  for  fince  Numbers  of  any  kind  are 
capable  of  being  reprefented  by  Right- Lines ,  they 
were  not  long  unappriz’d  that  the  whole  Body  of  the 
Canon  of  Logarithms  might  be  laid  down  and  ex- 
prefs’d  in  the  Divisions  of  one  ftrait  Line.  Mr. 
Gunter ,  Profeffor  of  Geometry  at  GreJham-Collegey 
was  the  firft  who  took  this  matter  in  hand,  and  con- 
ftructed  fuch  an  artificial  Line  of  Logarithms  •,  which 
therefore  from  him  was  called  (ever  fince J  Gunter's 
Line ,  or  fimply,  th t  Gunter.  The  fame  Perfon  alfo 
conftrudted  artificial  Lines  of  Sines  and  Langents 
and  all  thofe  Lines,  with  fome  others  laid  down  on 
a  Scale,  make  what  we  commonly  call  Gunter' s- 
Scale. 

3.  The  Conftrullion  of  thofe  artificial  Lines  is 
eafy  to  be  understood,  and  is  as  follow’s.  Draw  the 
Right-Line  AB  (Fig.  VII.)  which  divide  into  10 
great  equal  Parts,  as  is  there  denoted  by  1,  2,  3,  4, 
&c.  and  each  of  thefe  into  10  others,  and  fo  on. 
Conceive  thefe  feveral  Divifions,  or  equal  Parts ,  to 
reprefent  the  Logarithms  in  the  Canon  for  the  natu¬ 
ral  Numbers.  Now  fuppofe  the  whole  Length 
ABrrio,  then  the  firft  grand  Divifions  will  be  1,  2, 
3,  4,  &c.  But  if  AB  — 100,  then  the  firft  Divifions 
will  be  10,  20,  30,  &c.  and  the  fecond  Divifions 
1,  2,  3,  &c.  Again  if  AB=iooo,  the  prime  Di¬ 
vifions  will  be  100,  200,  300,  &c.  and  the  fecondary 
Divifions,  10,  20,  30,  &c,  Suppofe  the  latter  Cafe, 
viz.  AB=iooo  •,  then  draw  another  Right- Line  CD 
equal  and  parallel  to  AB,  the  natural  Line  of  Lo¬ 
garithms. 

4.  Now  in  the  Line  CD,  fuch  Divifions  are  to  be 
made  as  may  reprefent  the  Places  of  the  natural 
Numbers  1,  2,  3,  &c.  or  10,  20,  30,  &c.  or  100, 
200,  300,  &c .  But  neglefting  the  Indices  of  Loga¬ 
rithms, 
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rithms,  ’tis  plain,  fince  the  Logarithms  of  the  Num¬ 
bers  1 ,  io,  100  j  2,  20,  200  ^  3,  30,  300;  fcfr. 
are  the  fame,  the  Diftances  of  thofe  Numbers  will  be 
the  fame  on  the  Line  or  Scale  CD.  And  therefore 
fince  the  Logarithm  of  1,  is  =  o,  the  Number  1 
mud  be  placed  at  the  very  Beginning  of  the  Line 
CD,  from  whence  the  Logarithms  begin  in  the  Line 
AB.  Then  becaufe  the  whole  Line  AB  =  1000 
Logarithm  of  10— CD,  therefore  againft  the  Loga¬ 
rithm  of  2,  which  is  =301  in  the  Line  AB,  make 
a  Divifion  in  the  Line  CD,  and  by  it  place  the  Num¬ 
ber  2.  Again,  becaufe  the  Logarithm  of  3  is=477 
in  AB,  therefore  correfpondent  to  the  Point  in  AB9 
make  another  Divifion  in  CD,  and  by  it  place  the 
Number  3.  The  Logarithm  of  4  is  602,  therefore 
from  602  in  AB  make  a  Divifion  in  CD,  by  which 
you  muft  place  the  Number  4  *,  and  thus  you  pro¬ 
ceed  to  find  theDivifions  for  the  other  Numbers  to 
10  in  the  Line  CD,  by  the  Logarithms  of  thofe 
Numbers  in  the  Line  AB. 

5.  If  the  Divifions  in  the  Line  CD  now  found 
for  the  Numbers  1,  2,  3,  4,  be  fuppos’d,  in- 
ftead  of  them,  to  be  for  the  Numbers  10,  20,  30, 
40,  &c.  then  each  of  thofe  Divifions  may  be  fub- 
divided  into  10  others,  by  the  Logarithmic  Parts  in 
the  Line  AB.  Thus,  becaufe  the  Logarithms  of 
11,  12,  13,  14,  iSc.  are  41,  79,  113,  146, 
therefore  againft  thefe  latter  Numbers  in  the  Line 
AB,  make  Divifions  in  the  Line  CD,  fo  fhall  the 
firft  grand  Divifion  from  1  to  2  be  divided  again  into 
10  others.  Again,  becaufe  the  Logarithms  of  21, 
22,  23,  24,  &c.  are  322,  342,  361,  380, 
therefore  Divifions  made  in  CD  againft  thefe  Num¬ 
bers  in  AB  will  finifh  the  Subdivifions  of  the  Space 
from  2  to  3,  in  the  faid  Line  CD.  And  thus  pro¬ 
ceeding,  you  may  fubdi  vide  all  the  other  grand  or 
prime  Divifions,  to  the  End  of  the  Line, 
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6 .  If  your  Lines  be  of  fo  great  Length,  that  thefe 
laft  Subdivifions  in  CD,  are  fill  of  a  Length  capable 
of  another  tenfold  Divifion  ;  then  the  firft  grand  Di- 
vifions  muft  be  reputed  ioo,  200,  300,  &c.  and  fo 
fince  the  Logarithms  of  the  Numbers  101,  102,  CjV. 
201,  202,  &c.  301,  302,  &c.  are  4,  8,  (Ac.  303, 
305,  (Ac.  478,  480,  (Ac.  therefore  if  againft  thefe 
Parts  in  AB,  you  make  Divifons  in  CD,  there  will 
enfue  a  triple  Divifion  of  the  faid  Line  CD,  which 
is  more  than  is  neceffary  for  Inftrumental  Ujes ,  and 
indeed  cannot  be  done  but  only  for  the  two  or  three 
firft  Divif ons. 

7.  Thus  have  you  feen  the  Conftrucftion  of  the 
Artificial ,  Logarithmic ,  or  Gunter* s  Line,  fo  famous 
in  all  Parts  of  the  Mathematics.  A  Line  which  per¬ 
forms  the  Bufmefs  of  the  whole  Logarithmic  Canon  ; 
fince  the  Divifons  of  this  Line  have  all  the  fame 
Properties  with  regard  to  the  natural  Numbers  on  it, 
as  the  Logarithms  of  the  Table  have  to  the  Numbers 
correfponding  to  them.  ’Tis  plain  the  Divifons  and 
Relation  of  thefe  two  Lines  AB,  CD,  are  the  fame 
as  At,  and  AT,  in  Fig.  IV.  and  III.  Confequently 
what  has  been  faid  of  thofe  Lines  heretofore  will  help 
to  illuftrate  the  Lheory  and.  Conftrudlion  of  the  Lines 
now  under  Confi deration.  But  f nee  in  Ufe  the 
Gunter  CD  is  fuppofed  to  be  divided  into  an  100 
Parts  at  leaf,  therefore  you  always  (ormoftly)  ob- 
ferve  it  of  a  double  Length  of  that  which  is  expreffed 
in  Fig.  VII.  which  Length  is  commonly  called  Ra¬ 
dius  \  and  fo  the  Gunter  in  common  Ufe  is  faid  to 
be  of  a  double  Radius ;  becaufe  elfe  the  Divifons  for 
the  nine  Digits  would  be  wanting,  fi nee  the  Distance 
from  1  to  10  is  equal  to  that  from  10  to  100,  as  is 
evident  from  the  foregoing  Conftrudtion,  and  from 
the  Lheory  of  Logarithms. 

8.  Having  thus  fhewn  the  ConftruSfion  of  the  Line 
cf  Numbers,  the  Confirudlion  of  the  Lines  of  artificial 
Sines  and  Tangents  eafily  follows  \  fince,  as  before 
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obferved,  the  Logarithms  of  Sines  and  ‘Tangents  are 
nothing  more  than  common  Logarithms  of  fuch  Num¬ 
bers  as  exprefs  the  Sines  and  Tangents  of  each  Minute 
of  the  Quadrant. 


ueg: 

N.Sine. 

eog. 

N  .Tang. 

Log.  ’ 

I 

*7 

2418 

l7 

24I9 

2 

34 

5428 

35 

5430 

3 

5  2 

7188 

52 

7*94 

4 

69 

8345 

70 

8446, 

5 

87 

9402 

87 

9419 

6 

104 

I. OI92 

103 

1.0216 

7 

12 1 

b 

00 

CTi 

00 

122 

I.O89I 

8 

139 

1*1435 

I4O 

I.I478 

9 

156 

I*I943 

158 

i.r997 

10 

173 

l.2^C)6 

I76 

I.24.63 

20 

342 

1-534® 

363 

I.561O 

30 

5°° 

1.6989 

577 

I.7614 

40 

642 

1.8080 

8  39 

I.9238  , 

50 

766 

1.8842 

1 1 9 1 

2.O761 

60 

866 

9375 

x732 

2.2385 

70 

939 

1  •  9  7 2  9 

2747 

2.4389 

80 

984 

1-9933  • 

567 1 

2 -7536 

90 

1000 

2.0000 

Infin. 

Infin, 

In  the  little  Table  above,  the  firft  Column  contains 
the  Degrees ,  the  2d  and  4th  the  Natural  Sines  and 
Tangents,  and  the  3d  and  5th  Columns  contain  the 
Logarithms  of  thofe  natural  Sines  and  Tangents,  the 
Indices  being  omitted,  and  the  Radius  fuppofed  = 
10000. 

9.  Let  three  Lines  be  drawn,  and  let  L  =  Line  of 
Logarithms,  or  double  Radius  of  20000  equal  Parts  ; 
S  =  a  Line  for  Sines  \  and  T  =  Line  for  Tangents  ; 
the  two  latter  mull  be  drawn  equal  and  parallel  to  the 
firft  as  in  the  Conftrudtion  of  the  Line  of  Numbers . 
Then  having  graduated  the  Line  L  into  20000  equal 

Parts, 
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Parts,  if  againft  fuch  of  thofe  Parts  as  are  exprefs'd 
by  the  Numbers  in  the  3d  Column,  you  make  Di¬ 
vifions  in  the  Line  S,  and  by  thofe  Divifions  you 
place  the  Numbers  in  the  firft  Column,  you  will  then 
have  the  artificial  Line  of  Sines  S  graduated  for  the 
firft  great  Divifions  of  1,  2,  3,  4,  5,  6,  &c.  10,  20, 
30,  &c.  Degrees :  After  the  fame  manner  by  the 
Table  of  Logarithmic  Sines  you  find  Numbers,  from 
whence  in  the  Line  L  you  find  Divifions  in  the  Line 
S  for  Minutes ,  and  Parts  of  Minutes.  And  thus  the 
Line  of  artificial  or  Logarithmic  Sines  \s  finished. 

10.  Again,  from  the  fame  Parts  of  the  graduated 
Line  L,  as  are  found  in  the  fifth  Column  of  the  Ta¬ 
blet,  you  make  Divifions  in  the  Line  T,  and  by  them 
place  the  Numbers  of  the  firft  Column,  the  Line  T 
fhall  be  the  artificial  Line  of  Tangents  grad  uated  for 
the  firft  great  Divifions  of  1,  2,  3,  4,  5,  &c.  10,  20, 
30,  &c.  Degrees.  And  the  Subdivifions  for  Minutes 
will  be  found- as  before  directed.  Buttho*  the  double 
Radius  on  the  Line  L  fufftces  for  graduating  the  Line 
of  Sines  S,  to  the  whole  Length  of  90  Degrees,  be- 
caufe  all  Sines  are  lefs  than  the  Radius  of  a  Circle, 
which  is  the  greateft  Sine  •,  yet  becaufe  the  Radius  of 
a  Circle  and  the  Tangent  of  Degrees  are  equal  ; 
therefore  ’tis  evident  the  Logarithms  of  all  Tangents 
greater  than  45  Degrees,  will  exceed  the  Length  of 
the  Line  L,  as  is  plain  from  the  fifth  Column  of  the 
foregoing  Tablet. 

1 1 .  But  fince  Radius  is  a  mean  Proportionalbztwzen 
the  Tangent  of  any  Arch ,  and  the  Tangent  of  that 
Arch's  Complement,  it  follows,  that  the  natural  Tan¬ 
gents  in  the  Geometric  Ratio  or  Scale  arc  equally  diftant 
on  each  Side  from  the  Radius  or  Tangent  of  45  De¬ 
grees :  and  therefore  the  Logarithms  of  thofe  natural 
Tangents ,  which  are  equi diftant  cn  each  Side  the  Ra¬ 
dius  or  Logarithm  of  45 °,  are  alfo  equidiff event  •,  that 
is,  their  Differences  are  equal.  Thus  the  Difference 
of  440  and  46%  from  Radius  is  the  fame;  and 

the 
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the  Differences  of  40 0  and  50°,  30°  and  6o°,  20° 
and  jo° ,  &c,  are  refpecftively  equal  to  each  other  ^ 
and  confequently  the  firft  great  Divifions  from  1  to 
450  on  the  Line  T  of  artificial  Tangents,  will  like- 
wife  ferve  for  the  Co-Tangents  of  thofe  Degrees,  that 
is,  for  all  the  Tangents  from  45 0  to  90°,  reckon’d 
back  again  to  the  beginning  of  the  Line  T.  And 
this  is  the  Reafon  why  on  thofe  Lines  of  Tangents , 
you  fee  the  Numbers  placed  at  each  10th  Divifion, 
thus  10  |  so,  20  I  70,  30  |  so,  40  j  50,  45,  at  the  End. 
For  other  wife  the  laid  Line  of  Tangents,  muft  be 
continued  out  to  double  the  Length  it  now  is,  which 
would  not  be  near  fo  convenient. 

12.  The  Numbers  in  the  2d  and  4th  Columns  are 
the  Divifions  on  the  Gunter,  which  correfpond  to  the 
fimilar  Divifions  on  the  Lines  of  Sines  and  T angents  ; 
wherefore  the  former  being  already  made,  the  two 
latter  may  alfo  eafily  be  conftrutfted  by  means  of  that. 
And  thefe  things  are  all  I  judge  neceftary  to  be  faid 
i  here  concerning  the  Conftrucftion  of  thofe  excellent 
;j  Lines  of  artificial  Numbers ,  Sines,  and  Tangents  \ 

I  and  as  to  their  Ufes,  that  will  be  a  Subject  to  be 
i  treated  of  after  the  practical  Ufe  of  the  Logarithms 
1  themfelves  is  firft  explain’d  and  inculcated  *,  for  then 
the  Ufe  of  thefe  Inftruments  will  be  much  better  con* 
ceived  and  underftood. 
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CHAP.  XII. 

0/A  Manner  of  ufing  ^Tables  of  Lo¬ 
garithms  in  Practice  5  andoj  the  Pre¬ 
requisites  thereto . 

i.rpHE  Logarithms  being  made  for  natural 
Numbers  by  Some  of  the  Methods  before- 
going,  the  next  thing  neceflary  was  to  difpofe  them 
into  fome  convenient  Order  or  Form  for  praffiicalUJes. 
And  fuch  a  Digeft  or  Collection  of  Logarithms,  we 
call  the  Logarithmic  Canon  or  Fables . 

2.  Thefe  Tables  are  of  two  Sorts  \  the  firft  con¬ 
tains  the  Logarithms  of  all  natural  Numbers  from  U- 
nity  or  I  to  10000,  or  10 1000  (as  thofe  large  Fables 
of  Mr.  Sherwin.)  In  thefe,  the  general  Manner  or 
Form  is  fuch  as  here  exprels’d 
in  the  Margin,  which  confifts 
of  two  Columns  ;  in  the  firft  are 
placed  the  Numbers ,  in  the  Se¬ 
cond  the  Logarithms  correfpond- 
ing  thereto,  with  their  Indices. 

And  three  of  thefe  double  Co¬ 
lumns  nil  a  Pa^e  in  common 
Books  of  this  Form  *,  and  this, 
of  all  others,  is  the  moft  obvious 
and  eafy  as  to  itsUfe,  which  therefore  can  need  no 
Explanation.  For  by  lnfpection  only  is  Seen  what 
Logarithm  belongs  to  any  Number  within  the  Com- 
pafs  of  the  Table. 

3.  But  tho5  the  aforefaid  Form  be  the  moft  natu¬ 
ral  and  obvious,  yet  it  is  not  the  moft  artful  and 
comprehenfive  ;  therefore  another  Form  or  Difpofition 
of  the  Tables  for  natural  Numbers  has  been  contrived 

more 


Numb. 

Logarithms. 

997 

2.9986951 

998 

2-999I3°5 

999 

2-9995655 

1000 

3.0000 OOO 

1001 

3.0004341 

1002 

3.OOO8677 

100  3 

3  0013009 
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more  concife,  or  which  takes  up  lefs  room,  and  is  yet 
as  perfect  and  ufeful  as  the  other  j  a  Specimen  of  this 
Form  I  have  here  annexed. 


N°. 

Logarithms. 

O 

1 

2 

3 

4 

*73 

17+ 

l75 

238046 

240549 

243038 

238297 

240799 

243286 

238548 

241048 

243534 

238799 

241297 

243782 

239049 
241546 
244030.  [ 

In  which  the  natural  Numbers  are  placed  in  the  Side- 
Column  to  the  left  hand ,  all  but  the  Units  Place ,  or 
firft  Figure  of  the  Numbers,  which  is  found  in  a  pa¬ 
rallel  Column  on  the  top  of  the  Page,  in  the  Order 
o,  1,  2,  3  4 ,  CN.  as  you  fee  in  the  Specimen.  By 
this  means  one  Column  of  Numbers  fuffices  for  one 
Page ,  whereas  in  the  other  Form  there  are  three  fuch 
Columns,  the  whole  Page  itfelf  confiding  entirely  of 
the  Logarithms,  which  in  this  Cafe  admits  of  five 
Columns  *,  but  the  Indices  are  here  omitted  as  not  be¬ 
ing  neceffary,  fince  they  are  known  by  the  Numbers. 
The  manner  of  ufing  this  Form  is  yet  very  eafy. 
For  Example,  to  find  the  Logarithm  of  the  Num¬ 
ber  1742  ,  againft  174  in  the  Side-Column,  and  under 
the  Units  Place  2  at  the  top,  I  find  the  Logarithm 
241048,  and  fince  the  Number  has  four  Places,  the 
Index  mud  be  3  •,  where  3.241048  is  the  Loga¬ 
rithm  compleat  for  the  Number  1742.  Thus  the 
Logarithm  of  1753=3.243782  •,  and  fo  for  others. 

4.  But  the  Tables  of  Logarithms  are  yet  capable  of 
a  further,  and  much  more  curious  Improvement  with 
regard  to  their  Contraction  or  Concifenefs ;  for  fince 
the  Differences  of  Logarithms  decreafe  as  the  Num¬ 
bers  increafe,  ’tis  plain  thofe  will  grow  very  final  1  as 
thefe  become  very  large  ;  and  confequently  the  two 
or  three  firft  Figures  of  the  Logarithms  to  the  left 
will  be  the  fame  for  divers  large  Numbers  together  in 
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the  Canon.  Thus  for  Inftance,  the  Logarithms  of  all 
the  Numbers  between  4168  and  4266,  have  the  two 
firft  Figures  to  the  left  the  fame  in  every  one,  viz. 
6 2.  So  likewife  all  the  Logarithms  between  the 
Numbers  9954  and  997 7  have  their  firft  three  Fi¬ 
gures  the  fame,  viz.  998,  the  Difference  of  the  Lo¬ 
garithms  being  only  in  the  remaining  Figures.  The 
Figures  of  the  Logarithms  therefore  may  be  reckoned 
of  two  forts,  viz.  fuch  as  are  permanent  or  the  fame, 
for  certain  Intervals  »  and  fuch  as  are  variable  or  al¬ 
ways  altering.  In  this  Form  of  the  Canon  now  un¬ 
der  Confideration ,  thefe  permanent  Figures  are 
printed  but  once  for  their  refpe&ive  Intervals,  and 
that  in  the  firft  Column  of  Logarithms  next  the 
Numbers  the  variable  Figures  only  pertaining  to  each 
Logarithm  make  the  Subftance,  or  fill  the  whole 
Face  of  eachPage,  as  in  the  Specimen  here  fubjoin’d. 


N°.| 

Loua 

rifhm 

s 

O 

I 

2 

1  3 

4 

132 

12.0574 

°9°3 

1231 

1 560 

1888 

l33 

3852 

4178 

45°4 

4830 

5156 

*34 

7I05 

7429 

7752 

8076 

8399 

I3*°334 

o655 

0  977 

1298 

1619 

«36 

3539 

3858 

4i  77 

4496 

4814 

1 37 

6721 

70  37 

7354 

7670 

7987 

l3* 

9879 

*<  *94 

O508 

0822 

1136J 

*39 

14-3  OI5 

33  2  7 

3639 

395 1 

4263 

94£ 

975-432 

478 

524 

57° 

616 

946 

.891 

937 

983 

*029 

075 

947 

9/6-35° 

396 

442 

487 

533 

94-i 

808 

854 

900 

946 

991 

1±5 

977.266 

3 1 2 

35 £ 

403 

449 

5.  The  Numbers  here,  as  in  the  laft  Form ,  are, 
for  the  three  firft  Figures  to  the  left,  found  in  the 

Side- 


! 

I 

l 
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Side- Column*  the  other  Figure  at  top.  The  Loga¬ 
rithms  in  this  Specimen  are  65,  yet  but  fix  of  them 
need  be  exprefled  at  length,  viz.  thofe  for  the  Num¬ 
bers  1320,  1350,  1390,  9450,  9470,  9490.  The 
Logarithm  for  1320  is  thus  wrote,  12.0574,  to  de¬ 
note  the  two  flrft  Figures  12  (feparated  by  a  Dot) 
are  permanent  thro*  the  Interval  between  1320  and 
1350,  that  is,  they  belong  to  the  Logarithms  of  all 
the  intermediate  Numbers  between  thofe  two,  and 
therefore  need  be  exprefs’d  only  for  the  firft  the 
other  Part  of  the  faid  Logarithm  which  is  variable, 
is  exprefs’d  alone  in  all  the  reft.  The  upper  Part  of 
this  Specimen  or  Tariff  confifts  of  Logarithms  having 
two  Figures  in  the  permanent  Part  ;  the  lower  part 
is  an  Example  of  Logarithms  having  three  Figures 
in  the permanent  Part.  To  find  a  Logarithm  there¬ 
fore  to  any  given  Number,  will  alfo  be  very  eafy  in 
this  Form.  Thus,  fuppofe  the  Logarithm  be  fought 
for  in  the  Number  1323,  *tis  found  in  this  Manner. 
Take  the  permanent  Part  either  againft  or  next  above 
the  three  firft  Figures  132,  which  here  is  12,  then 
againft  132  and  under  3  at  the  top,  you  find  t\\zva- 
riable  Part  1560,  to  which  prefix  the  permanent  Part 
12,  and  you  have  the  Logarithm  121560,  which 
with  the  Index ,  is  3.121560.  Again,  to  find  the 
Logarithm  of  1374,  take  13  the  permanent  Part  next 
above  the  three  firft  Figures  137,  then  againft  137, 
and  under  4  at  top.  you  find  the  variable  Part  7987, 
which  annexed  to  the  former  Part  13,  make  137987, 
and  with  the  Index ,  3.137987,  the  Logarithm 
fought. 

6.  Thus  alfo  you  proceed  when  the  permanent 
Part  confifteth  of  three  Figures ,  where  the  Intervals 
are  much  fhorter.  One  caution  only  is  neceftary, 
and  that  is,  that  you  obferve  in  thofe  Lines  where 
there  is  found  an  Afterijin* ,  to  join  all  the  variable 
Parts  in  that  Line  before  the  *,  to  the  permanent 
Part  next  above  ;  and  all  after  it,  to  that  next  be.lonK 

Thus 
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Thus  in  the  7th  Line,  and  2d  Column,  you  fee  ah 
Aflerifm  *,  therefore  the  variable  Part  9879  before 
it  muft  be  join’d  to  13  the  permanent  Part  next  above 
it,  to  form  the  Logarithm  3.139879  for  the  Num¬ 
ber  1380:  But  the  variable  Parts  0194,  0508,  &c. 
following  it ,  are  to  be  annexed  to  14  the  permanent 
Part  next  below ,  to  form  the  Logarithms  3. 1401 94, 
3.140508,  for  the  Numbers  1381,  1382,  &c. 
The  Reafon  of  which  I  prefume  muft  be  felf -evident 
to  every  Reader. 

7.  I  have  been  the  more  prolix  on  this  loft  Formy 
left  any  Obfcurity  or  Uncertainty  fhould  remain  to 
difcourage  or  prejudice  the  young  Tyro  againft  fo  rare 
and  fo  advantageous  a  Contrivance.  I  fay,  fo  rare  ; 
becaufe  I  have  never  feen  (amongft  many)  above  one, 
viz.  Sherwin’s  Canon,  in  this  Form  ;  and  that,  by 
reafon  of  its  great  Price ,  is  not  very  common.  Tho’ 
that  Gentleman  fays  in  his  Preface,  he  has  in  this  ex¬ 
cellent  Method  followed  Dr.  John  Newton  in  his  Tri- 
gonometria  Britannica,  a  Book  which  I  have  not  feen. 
The  Advantage  alfo  of  this  Abbreviation  is  next  to 
that  of  the  Invention  it  felf ;  for  hereby  the  prolix 
and  unwieldy  Tables  Cm  their  original  Form)  are  re¬ 
duced  or  abridg’d  to  one  half  the  Bulk  nearly  *,  all 
the  fuperfluous  Part  being  omitted,  and  nothing  but 
what  was  neceftary  retained  in  this  Canon. 

8.  According  to  this  moft  excellent  Abridgment 
therefore,  I  have  firft  of  all,  that  I  know  of,  pub- 
lifhed  the  common  Canon  of  Logarithms  for  Num¬ 
bers  from  1  to  10000  *,  having  taken  the  no  fmtdl 
Pains  of  tranfcribing  the  whole  with  my  own  hand 
from  the  aforementioned  large  Work  of  Mr.  Hen . 
Sberwin ,  which  is  the  moft  correhl*  of  any  extant. 

9.  In  this  Form  or  Difpofition  of  the  Canon,  I 
have  alfo  publfthed  the  Logarithms  of  Sines  and  Tan¬ 
gents  *,  which  thing  hath  not  been  done  before  in  any 
Work  great  or  fmall,  that  I  have  ever  feen  or  heard 
of.  This  makes  the  2d  Part  of  the  Logarithmic 

Tables, 
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Tables,  as  mentioned  Art.  2.  And  fince  they  are 
here  in  a  different  Form  from  all  others,  it  may  not 
be  unneceffary  to  hint  to  the  young  Learner,  that 
the  Numbers  exprefs’d  in  the  Side-Column  are  the 
Degrees,  and  every  10th  Minute,  and  the  Numbers 
in  the  parallel  Column  at  top  are  the  Minutes  between 
the  ioths*,  fee  the  following  Tariff  of  the  Logarithms 
of  Sines  in  this  Form  for  the  Minutes  from  72  De¬ 
grees  to  73. 


D.  ' 

0 

1 

2 

3 

4  ' 

72.  0 
10 

20 

30 

40 

5° 

978.206 

615 

979.019 

420 

816 

980.208 

247 

655 

°59 

460 

855 

247 

288|22Q'270 
696736777 
100!  140480 

500539:579 

895934973 

2861325364 

To  give  an  Example,  let  the  Logarithm  be  fought 
for  the  Sine  of  720  43'.  Seek  in  the  Side-Column 
720  407,  next  above  which  is  th z permanent  Part  of 
the  Logarithm  979  in  the  firft  Column  of  Loga¬ 
rithms  ;  then  againft  720  40,  and  under  f  at  top 
you  find  the  variable  Fart  934,  which  annexed  to 
the  other  makes  979934  ;  to  which  prefix  the  Index 
(which  is  fet  at  the  top  of  each  Page)  9,  and  the  Lo¬ 
garithm  is  compleat,  viz.  9.979934  for  the  Sine  of 
720  43; }  and  thus  you  proceed  for  any  other. 

10.  I  have  contracted  the  Logarithms  to  fix  Places 
of  Figures  only,  as  being  fufficient  in  common  Ufie  j 
the  natural  Sines  and  ‘ Tangents  are  not  here  inferted, 
fince  when  their  Logarithms  can  be  ufed,  they  them- 
felves  are  ufelefs.  Befides,  whenever  they  are  re¬ 
quired,  they  may  be  immediately  had  from  their 
Logarithms.  For  Example,  fuppofe  I  would  know 
the  natural  Sine  and  Tangent  for  38°  47',  the  Loga¬ 
rithm,  Sine  and  Tangent  of  this  Arch,  are9. 796836, 

and 
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and  9.905009.  To thefe Logarithms  (negle&Ing  their 
Indices )  find  the  natural  Numbers,  by  the  firft  Part 
of  the  Canon,  they  will  be  626377  and  8o3542,the 
natural  Sine  and  Tangent  fought.  (Seethe  Method 
below,  Art.  15.  for  finding  the  Number  of  a  given 
Logarithm.) 

11.  The  Logarithm  of  the  Secant  of  any  Arch,  as 
of  38°  47',  is  thus  eafily  obtain’d  : 

From  the  double  Radius . 20.000000 

Subftra<ftthe  Co-Sine  of  38°  =  .  .  9.891827 

There  remains  the  Log.Secantof38°47/r=  10.108173 

And  thus  the  Logarithm  of  any  other  Secant  may 
be  found,  and  confequently  the  natural  Secant ,  or 
natural  Number  belonging  thereto. 

12.  The  Reafon  why  the  Indices,  on  the  top  of 
the  Pages,  of  the  Logarithms  of  Sines  and  Tangents, 
are  fo  large,  viz.  7,  8,  9,  10,  11,  &c.  is  becaufe 
the  Radius  of  the  Circle  was  fuppofed  to  confift  of 
10000000000  equal  Parts,  whofe  Logarithm  there¬ 
fore  is  10,000000  ;  wherefore  a  Number  of  fuch  e- 
qual  Parts  expreffing  the  Sine  of  one  Minute  i',  will 
confift  of  7  Places,  whofe  Logarithm  then  will  have 
its  Index  6.  The  otherSines  will  confift  of  8,  9,  and 
10  Places,  and  fo  the  Indices  of  their  Logarithms 
will  be  7,  8,  9,  as  in  the  Tables  *,  thus  alfo  the 
Numbers  expreffing  the  Pangents  in  fuch  equal  Parts 
will  confift  of  7,  8,  9,  10,  1 1,  12,  13,  and  14 
Places  of  Figures,  whence  the  Indices  of  their  Loga¬ 
rithms  muft  be  6,  7,  8,  9,  10,  11,  12,  13,  accord¬ 
ing  to  Art.  nth  and  12th  of  Chap.  I.  But  fmce, 
as  before  faid,  the  firft  fix  Places  ot  the  Logarithms 
to  the  left  are  fufficient,  the  reft  are  rejected  as  fu- 
perfluous. 

13.  In  future  Operations  there  will  be  frequent 
Occafion  tor  what  is  called  the  Arithmetical  Comple¬ 
ment  of  a  Logarithm,  which  is  nothing  but  the  Dif¬ 
ference 
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ference  between  that  Logarithm  and  Logarithm-Ra¬ 
dius  IO.OOOOOO. 

Thus  if  from . .  i . io.oooooo 

You  fubdudthe  Logarithm  .....  4,877026 
There  will  remain  the  Arithmet .  Comp .  =  £.122974 

And  this  is  done  mentally  in  an  Inftant,  by  taking 
every  Figure  from  9,  except  the  firft,*  #hich  you  take 
from  10. 

Note.  If  the  Logarithm  be  of  any  Sine  or  Tan-*' 
gent,  add  10  to  the  Index  of  the  Arithmetical  Com¬ 
plement,  and  it  will  be  the  Logarithm  of  the  Co» 
Secant  of  the  fame  Arch.  For  Example, 

Suppofe  the  Log.  Sine  of  of  48'  ==  .  .  .  8.821342 
The  Arithmetical  Comp,  thereof  is  .  .  .  1.17865$ 

to  which  add . .  I  io, 

The  Sum  is  the  Log.  Secant  of  86°  12'  =  1 1.178658 

Which  is  evidently  the  fame  Operation  as  that  in 
Art.  11.  hereof. 

14.  From  the  theory  o  f  Logarithms  we  learn,  that 
the  Differences  of  great  Numbers,  are  proportional  to 
the  Differences  of  their  Logarithms .  (See  Chap.  V. 
Art.  6,  7.)  Therefore  tho5  the  Canon  of  Logarithms1 
goes  no  farther  than  the  Number  10000,  it  may  by 
this  means  be  extended  to  the  Number  10000060, 
or  the  Logarithm  of  any  Number  under  10000000 
may  be  found  by  the  prefent  Canon,  according  to 
the  following  Rule, 

Find  ;  find  the  Logarithm  of  the  four  firft  Figures 
of  the  given  Number,  by  the  firft  Part  of  the  Canon. 

Secondly  *,  fubftradt  this  Logarithm  from  the  Lo¬ 
garithm  next  greater  or  next  following  in  the  Table  ; 
and  referve  the  Difference. 

Thirdly  ;  multiply  the  Difference ,  by  the  remain - 
i.ng  Figures  of  the  given  Number  ^  and  from  the  Pro ~ 
dull  cut  oft  to  the  Right  hand ,  fio  many  Figures  as 
there  were  remaining  in  the  given  Number.. . 

N  Fourthly ; 
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Fourthly  ;  add  the  Remainder  of  the  Product  to 
the  Logarithm  firft  found,  the  Sum  fhall  be  the  Lo¬ 
garithm  fought. 

For  Example,  let  the  Logarithm  of  the  Number 
1 27053  be  fought. 

The  Logarithm  of  the  )  0  t 

firft  4  Figures  \  V  I27°°°  =  5-i°38c'4 

The  next  greater  Log.  is  of .  .  1 27100  =  5.104146 

The  Differences .  100  342 

Wherefore  fay,  as  100:  342  ::  53  :  181,26 

_ _ 51 

1026 

1710 

~i8i|26 

Add  the  firft  Logarithm  5.103804 

TheSumis . 5. 1 039b 5  =  the  Loga¬ 

rithm  fought  for  the  Number  127053. 


Example  2.  Required  the  Logarithm  of  the  Num- 

bcr  356789 4 

The  Logarithm  of  the  > 


firft  4  Fi 


gures 


s 


n 


567000  =  6.552303 


The  Log.  next  following  is  of  3^68000  =  6.552425 


The  Diff.  of  Numb,  and  Log.  1000  122 

Then  fay,  as  1000  :  122  ::  894: 109,068 
Add  th'jpfirft  Logarithm  .  .  6.552303 

theSum  isthe  Log.  3567894=6.552412,  as  was  re¬ 
quired.  And  thus  you  proceed  for  the  Logarithm  of 
any  other  greater  Number  than  thofe  in  the  Canon. 

i5-  By  a  Method  reverfe  to  the  foregoing,  you 
find  the  Number  cofrefponding  to  a  given  Logarithm‘s 
thus,  fuppofe  the  given  Logarithm  be  3.567026, 
and  you  would  know  the  Number  thereof.  Seek 
this  Logarithm  in  the  Table,  and  becaufe  you  there 
find  it  exactly,  the  Number  3690  correfponding 
thereto,  is  the  Number  fought.  But  if  the  given 

Logarithm 
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Logarithm  be  not  exactly  contain'd  in  the  Table,  and 
more  than  4 Figures  be  required,  proceed  as  follows. 

Firft  ;  feek  in  the  Table  a  Logarithm  the  next  lefs 
to  the  given  one,  for  the  four  firft  Figures  of  the 
Number  fought. 

Secondly  ;  fubftradt  this  Logarithm  from  th t  given 
one ,  and  annex  to  the  Remainder,^  many  Cyphers  as 
you  feek  Figures  more  than  four. 

Thirdly  ;  take  the  Difference  between  the  Loga- 

i  rithm  juft  found  and  the  next  greater,  by  which  di- 

1  vide  the  faid  augmented  Remainder ,  the  Quotient  an- 

!  nexed  to  the  four  firft  Figures  ftiall  compleat  the 

ii  Number  fought . 


Example  1.  Let  there  be  fought  the  Number  to  the 
I  Logarithm  5.103985,  to  fix  Places  of  Figures. 

The  Log.  next  lefs  is  of .  .  .  127000  —  5.103804 
The  given  Logarithm  ....  5.103985 

The  Difference  or  Remainder  181 

The  next  greater  Logarithm  1271001=:  5.104146 
Diff.  between  the  greateft  and  leaf  Log.  342 

Since  the  Places  in  the  Number  fought  are  6,  aug¬ 
ment  the  firft  Remainder  1 8 1  with  two  Cyphers ,  and 
I  it  will  be  1 8 100  j  then  342)18 ioo(— 53,  which  an- 
!  nex’d  to  the  four  Figures  1270  before  found,  make 
the  Number  127053  required. 

Thus  alfo  to  the  given  Logarithm  6.552412,  you  may 
find  its  proper  Number  3567894,  and  fofor  others. 

16.  In  the  fame  manner  you  proceed  to  find  any 
Decimal  Lumber  to  a  Logarithm  given,  only  in  this 
Cafe  the  Indices  of  the  Logarithms  are  negledled  till 
the  Operation  is  finifhed,  and  then  fo  many  Figures 
are  to  be  cut  off  from  the  Number  found  for  Deci¬ 
mals,  as  the  Index  of  the  given  Logarithm  ftiall  indi¬ 
cate  ;  what  is  here  (aid  relates  to  plain  or  'termi¬ 
nate  Decimals  only  ;  but  there  are  other  forts  of  De¬ 
cimals  which  circulate  or  perpetually  repeat  one  or 

N  2  more 
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more  Figures  ad  infinitum  :  And  thofe  Figures  which 
thus  circulate  are  Repetends ,  as  in  thefe  Numbers, 
viz.  235,2222,  &c.  27,83 33 3 •»  &c.  2.383838,  & c. 
702,6026026,  &c.  0,2672326723,  LA.  Now  thefe 
Repetends  need  be  wrote  but  otice  if  we  flur  the  firth 
and  laffc  Figures  in  each,  to  denote  them  fuch,  as 
thus  235^  ;  27,83"  ;  2,38  •,  70.2,60  ;  o,. 26723-,  &c. 
See  more  in  my-  Univerfial  Syftem ,  or  Body  ofi  Decimal 

Arithmetic ,  printed  for  Mr. 

■  •  - 

17.  The  Logarithms  for  the  Re-  r  ^^0.045757 

.2=0.346787 
3-1=0.522  879 
^=0.647817 


peating  9  Digits  are  made  by  adding 
the  Arithmetical  Complement  of  the 
Logarithm  of  9,  to  the  Logarithms 
of  the  faid  Digits,  and  are  fuch  as<  £=0.744727 


45=0.823909 

7=0.890855 

•8=0.948847 


here  annexed=  The  Logarithms  of 
pure  compound  Repetends  are  made  by 
adding  the  Arithmetical  Complement 
of fio  many  9?s,  as  there  are  Figures  in  f  £'=1.000000 

the  Repet  end)  to  the  Logarithms  of  thofe  Numbers 
confidered  as  terminate.  Thus  the  Logarithm  of  the 

Repetend  3 -6,y  is  found  as  follows  : 

\  * 

To  the  Logarithm  of . .  36.5=1.562293 

Add  the  Arith .  Complement  of  .  .  999=0.000434 

The  Sum  is  the  Log.  of  the  Repetend  3- 6,  £=1.562  72  7 

and  thus  proceed  for  others. 

18.  If  the  Repetend  have  any  prefix’d  terminate 
Part  •,  then  from  fuch  a  mixed  Repetend  fiibftrabl  its 
terminate  Part ,  and  to  the  Logarithm  of  the  Re¬ 
mainder  add  the  Arithmetical  Complement  of  the 
Logarithm  of  as  many  9’s  as  there  are  Figures  in  the 
Repetend.  For  Example,  fuppofe  you  would  find 
the  Logarithm  of  the  mix'd  Repetend  26-892,7:,  pro¬ 
ceed  thus: 


From 
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From  the  Repet  end . 26%y2^ 

Subftrath  the  terminate  Part  26 

To  the  Log  of  the  Rem.  .  .  26890, 1=4.429592 
add  the  Arithm.  Complem.  of  9999^0.000043 
The  Sum  is  the  Logarithm  of  265*92, 7=4.429635 

j Sfote,  the  Indices  of  the  Arithmetical  Complements 
are  here  (as  in  jfiefe  Cafes  they  always  muff  be)  o- 
mitted.. 

i 
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C  H  A  P.  XIII. 

f 

0/r  the  Origin  and  Conflrudion  ^Shakerly’s 

RE etL Logistical  Logarithms. 

* 

j,  rr^H  E  Ufe  of  Logifti cal  Logarithms  is  in  Aft  ro¬ 
ll  omical  Calculations ,  or  Sexagefiimal  Arith¬ 
metic  ;  but  this  fort  of  Arithmetic,  which  taught  the 
Rules  of  Addition,  Subftrahiion,  Multiplication ,  Di- 
vifion ,  &c.  of  Sexagefimal  Fractions^  viz.  Degrees , 
Minutes ,  and  Seconds  of  Motion  or  F ime3  was,  infor¬ 
mer  times  j  called  Logftical  Arithmetic .  And  fince 
the  Invention  of  the  common  Canon  of  Logarithms * 
Mr.  Jeremiah  Shaker ly ,  in  his  L alula  Britannic 
firfl  contrived  from  them  a  fort  of  Logarithms  ad¬ 
apted  to  the  Rules  of  Logiftical  Arithmetic  ;  and 
therefore  gave  them  the  Name  of  Logiftical  Loga¬ 
rithms.  And  fince  him  Mr.  Fhomas  Street ,  in  his 
Aftronomia  Carolina ,  has  invented  another  and  more 
convenient  Form  of  Logiftical  Logarithms ,  than  b'Az- 
kerly’s.  And  fince  Tables  of  both  thefe  forts  of  Lo¬ 
giftical  Logarithms  are  extant,  his  proper  to  acquaint 
the  Reader  with  the  Conftrudtion  of  both,  which  is  as 
follows. 


2. 


Of  Shakerly'j  and  Street^ 

2.  Si  net  Logiftical  Logarithms  are  altogether  con¬ 
cerned  in  working  Proportions  of  Degrees ,  Minutes , 
and  Seconds ,  and  more  efpecially  of  Minutes  and  &?- 
tonds^  together  with  Integers ,  ’tis  evident,  if  thofe 
Sexageiimal  Fractions  were  reduced  into  the  low  eft 
Denomination ,  viz.  of  Seconds ,  &c.  they  might  then 
be  work’d  with  the  Logarithms  of  common  Numbers . 
Thus  fuppofe  the  Proportion  be  6o/  oo7/  :  3 7  4p/y  :: 
510  29"  :  3''  15";  if  thefe  fractional  Numbers  be  re¬ 
duced  to  Seconds ,  they  will  ftand  thus,  3 6oo7/  :  2  2  7/; 
::  3089^  :  195"  ;  wherefore  ’tis  plain,  the  Propor¬ 
tion  in  this  Cafe  may  be  wrought  by  the  common  Ca¬ 
non  of  Logarithms ,  as  will  be  hereafter  fhewn.  But 
then  as  here  is  no  Radius ,  there  will  arife  double 
trouble  in  the  Work  by  Logarithms  in  common  Ufe, 
in  firft  adding  the  Logarithms  of  the  two  middle 
‘Terms ,  and  then  fub ft  railing  the  Logarithm  of  the 
ftirft  from  that  Sum,  in  order  to  have  the  Logarithm 
of  the  fourth  Derm  fought  *,  or  elfe  the  Complement 
Arithmetical  of  the  Logarithm  of  the  firft  Derm  muft 
be  taken  to  perform  all  by  Addition  only.  To  avoid 
therefore  the  Trouble  attending  perpetually  either  of 
thefe  Methods, 

3.  Mr.  Shakerly  makes  this  Proportion,  as  3600"  : 
22 y11  ::  100000,  &c.  :  0.06305,  CL.  or  with  the 
Logarithms,  thus  ; 


As  the  Logarithm  of  2,600''  =  3.556302 

to  the  Logarithm  of  22y"  —  2.356025 

fo  the  Logarithm  of  Radius  1. 00000, &c  — 10.000000 
to  the  Logarithm  of  0.06 305, &c.:z:  .8.799723 

Now  ’tis  plain,  the  two  l aft  Logarithms  perform  the 
fame  as  the  two  firft ,  their  Properties  being  the  fame  ; 
but  the  firft  of  the  two  latter  Logarithms  is  Radius 
10.000000,  which  therefore  he  called  the  Logiftical 
Logarithm  of  2,600"  or  one  Degree,  and  confequently 
the  Logarithm  .8.799723  is  the.  Logiftical  Logarithm 
of  22y'Af  47C  And  thus  the  Logiftical  Logarithm 

of 
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of  any  other  Degrees ,  Minutes  and  Seconds  may  be 
found  *,  viz.  by  reducing  them  to  Seconds ,  and  then 
by  taking  from  the  Logarithm  of  thofe  Seconds  the 
conftant  Logarithm  3.556302  of  one  Degree  in  Se¬ 
conds. 

4.  Thus  from  the  Log.  of.  .  .  if—6of/z=zi.yjS  151 
Take  the  Log.  of  one  Degree  —^600"— 

there  remains  the  Logift.  Log.  of  .8.22 1849 


Again,  from  the  )  0 

Log.  of  j  *  *  1 

take  the  conftant  Log.  i° 


there  remains  the 
Logift.  Log.  of 


00*1=3780*=:  3.577492 
“3600L1:  3-556302 

oo//=378o//=io.o2i  190 


By  thefe  Examples  you  eafily  perceive  how  th eL- 
gftical  Logarithm  may  be  found  for  any  Number  of 
Degrees ,  Minutes  and  Seconds ,  in  Shakerlf  s  Form. 
And  fince  there  are  6o;  or  36 00 11  i  none  Hour ,  as  well 
as  in  one  Degree ,  therefore  a  Table  of  thefe  Logiftical 
Logarithms  ferves  equally  as  well  in  the  Computation 
of  Time  as  Motion . 

5.  But  if  the  Timeof  a  v/hole 
Day  or  24  Hours  be  the  Inte¬ 
ger  y  fince  there  are  but  144c7 
therein  ^  and  3600L  1440'  :: 

2y/l :  i';  alfo  fince  601  :  24H0 
:  1H0  ;  therefore  if,  thro* 
the  courfe  of  thefe  Tables  of 
Logiftical  Logarithms ,  againft 
every  z'k  you  place  the  Hours , 
and  againft  every  2T  (or  rather 
every  3d  and  5th.  Second)  you 
place  the  Minutes  of  an  Hour  ; 
the  Table  of  Logiftical  Loga¬ 
rithms  fox  Motion  and  Time  will 
be  com  pleated  *,  a  Specimen  of 
which,  in  this  Form  of  Mr.  Sha¬ 


0 

Motion 

Time. 

/ 

45 

H°. 

// 

2700 

XVIII. 

0 

987506 

0 

I 

987522 

2 

987538 

3 

9^554 

I 

4 

98757° 

5 

987586 

2 

6 

987602 

7 

987618 

8 

987634 

3 

9 

98765I 

10 

987667 

4 

ke  r  led 
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kerley's ,  I  have  before  annexed.  The  firft  Column 
contains  the  Degrees,  Minutes  or  Seconds  ^  the  fe- 
cond  Column  the  Logiftical  Logarithms  thereof  j  and 
the  third  Column  contains  the  Minutes  of  Time,  the 
Hour  being  exprefs’d  at  the  top,  viz.  XVIII.  an- 
fwering  to  the  Motion  of  45',  or  2700C  . 

6.  But  becaufe  thefe  Logiftical  Logarithms  of  Mr. 
Shakerley ,  confift  of  many  Figures  throughout  the 
Table,  it  minifter5d  occafion  to  Mr.  'Thomas  Street  to 
contrive  a  more  compendious  and  convenient  Form 
of  thefe  Logarithms  ;  and  fuch  he  invented,  which 
tho*  large  at  the  beginning  of  the  Table,  yet  imme¬ 
diately  leffen  very  faff,  and  fo  continue  to  the  End 
of  the  Table,  or  6o!  or  360c/  5  who fe  Logiftical  Lo¬ 
garithm  is  ~o. 

7.  The  Reafon  of  which  Is  mianifeft  from  the 
M  anner  of  their  Conftrudtion,  which  is  as  follows. 
Suppofe  any  Proportion  of  Sexagefimal  Numbers ,  as 
that  before  made  ufe  of.  Art.  2.  viz.  601  :  ft  4.7 11  :: 
51'  29"  :  ft  i5/;,  which  reduced  to  Seconds,  hands 
thus,  360 o/;  :  227L:  3089L  toft'.  Now  in  order 
to  obtain  a  vacant  Term  in  this  Analogy,  Mr.  Street 
(inftead  of  Shakerly* s  Analogy  3600" :  227L:  100000 : 
&c.)  inverts  the  firft  Ratio ,  as  thus  ;  227"  :  36007 
::  Unity  ;  to  a  fourth  Number  whofe  Logarithm  is 
reputed  the  Logiftical  Logarithm  of  the  firft  Term 
227",  as  the  Logarithm  of  Unity  is  of  the  fecond 
36007.  See  the  Work. 

The  Logarithm  of  ....  ft  4 7 An 2 2  3  5 602 6 

The  Logarithm  of  .  .  iTziboT^booU^. 556302 

The  Logarithm  of  Unity . 0.000000 

The  Logift.  Log.  of .  .  .  ft  47"“227'— 1 200276 

8.  Whence  it  evidently  appears,  that  to.  find  the 
Logiftical  Logarithm  of  any  Number  of  Seconds,  you 
need  only  fubftradl  the  common*  Logarithm  of  the 
Number  of  Seconds  from  the  conftant  common  Lo¬ 
garithm  of  3600  ',  for  the  Remainder  or  Difference. 

will 
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will  be  the  Logiftical  Logarithm  required,  in  Street" s 

Form. 

Thus  from  the  Logarithm  of .  .  3 600 '==3. 556302 

Subftradt  the  Log.  of  5F  29"— 3089  =3.489818 
There  remains  the  Logift.  Log. of  5i/29//=.  .  66484 

Again  from  the  fald  Log.  of  .  .  36oo//=3>556302 

Subdu6l  the  Logarithm  of  1 5//=  195=2.290035 

There  remains  the  Logift.  Log.  of  3'  i5;/=  1266267 

r  •  »< 

9.  From  whence  ftis  evident,  that  the  greater  the 
Number  of  Seconds  is,  the  lefs  will  be  the  Logif¬ 
tical  Logarithm  thereof  *,  till  you  come  to  the  Num¬ 
ber  360c/,  whofe  Logiftical  Logarithm  is  nothing  at 
all,  as  before  faid.  And  thus  it  appears  that  the  Lo¬ 
garithms  of  this  kind  of  Mr.  Street's  Form,  have  in 
them  fewer  Places  of  Figures,  and  are  therefore  more 
convenient  for Ufe,  by  much,  than  thofe  of  Shakerly’s 
Form,  before  defcrib’d.  And  for  that  Reafon  I  have 
chofe  to  give  the  Reader  a  Table  of  Street's  Loga¬ 
rithms  rather  than  the  other*,  and  tho*  Nlr.Leadbetter 
has  given  us  Tables  of  both  forts,  yet  I  think  it  in- 
tirely  needlefs ;  ftnce  all  the  principal  Ufes  of  Sha» 
kerly' s,  are  much  better  perform’d  in  Street's  Logif¬ 
tical  Logarithms. 

10.  In  fhewing  the  Manner  of  making  thefe  Lo¬ 
garithms  from  the  common  ones,  I  have  expreffed 
thematlarge,  viz.  1200276,  66484,  1266267,  the 
Logiftical  Logarithms  of  3' 47",  511  29^,  and  3'  15", 
as  per  Art.  7,  8.  Yet  here  two  things  are  to  be  ob- 
ferv’d :  Firft,  that  the  Index  is  not  diftinguifhed 
from  Logarithm  itfelf,  with  a  Point ,  as  in  the  com¬ 
mon  fort  ;  but  the  remaining  Figures,  both  of  Lo¬ 
garithms  and  Indices ,  be  they  more  or  lefs,  are  re¬ 
puted  together,  the  Logiftical  Logarithm.  Secondly, 
that  two  Places  of  Figures  to  the  Right  Hand  in  the 
Examples,  are  ftruck  off  in  the  Table  ;  the  other  be¬ 
ing  fully  fufficient  for  all  the  Purpofes  thereof.  So 

O  that 
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that  in  the  Table  you  will  find  the  {di&Logifti cal  Lo¬ 
garithms  wrote  12003,  665,  12663,  &c. 

1 1.  Mr,  Leadbetter  has  taken  the  pains  to  continue 
the  Table  of  Logijlical  Logarithms  in  Street's  Form, 
to  1 20;,  or  2  Degrees  •,  but  as  there  is  little  occafion 
for  any  more  than  the  Logiftical  Logarithms  of  6o/ 
or  1  Degree  *,  and  when  there  is,  the  fame  Logarithms 
are  capable  of  anfwering  it,  1  have  therefore  con¬ 
tinued  them  no  farther  than  the  Inventor  did,  viz. 
to  601  or  360 o". 

12.  As  to  the  Form  of  the  Table,  *tis  very  eafy 
to  be  underftood,  efpecially  if  thofe  of  the  common 
Logarithms  of, Sines  and  Tangents  before  defcribed 
are  :  The  firft  Column  of  the  Tables  contains  the  De¬ 
grees  or  Minutes ,  or  Minutes  and  Seconds  in  Sexa- 
ge/imals,  as  in  the  common  Tables ,  in  the  Order  of 
Denaries  or  io’s,  the  nine  Digits  running  along  on 
the  top  of  the  Table,  under  which,  in  the  feveral 
Columns,  are  the  Logijlical  Logarithms  abbreviated 
in  the  fame  manner  as  thofe  of  Sines  and  Tangents  \ 
and  are  to  be  taken  out  according  to  the  Directions 
there  given,  which  fee.  In  the  laft  Column  are  con¬ 
tained  the  Numbers  of  the  firffc  reduced  to  Minutes 
or  Seconds  ;  and  are  to  be  compleated  likewife  with 
the  Digits  on  the  top  of  the  Table.  Thefe  are  re¬ 
ferred  to  when  the  Logijlical  Logarithm  of  any  inte¬ 
gral  Number  is  fought.  An  Example  or  two  will 
render  all  eafy. 

13.  Let  it  be  required  to  find  the  Logiftical  Loga¬ 
rithm  of  20  48'  or  21  48/7.  Firft  feek  2  40  in  the 
firft  Column,  and  againft  it  and  under  8  at  top,  you 
find  310,  which  annexed  to  its  proper  permanent  Part 
13  in  the  firft  Column  of  Logarithms  makes  13310, 
the  Logiftical  Logarithm  of  2  48,  as  required.  Thus 
the  Logiftical  Logarithm  of  37 1  c^cj1  is  found  to  be 
1986  ;  and  of  54'  40"  to  be  404  ;  and  of  58/  37^  to 
be  101  j  and  of  59'  to  be  8.  And  thus  the  Lo¬ 
gijlical 
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giftical Logarithm  of  60',  is  =0  ;  and  fo  will  be  a  va¬ 
cant  Term  in  all  Analogies  for  Operation. 

14.  Let  it  be  required  to  find  the  Logiftical  Lo¬ 
garithm  of  the  Number  584.  Fir  ft  feek  580  in  the 
laft  or  right-hand  Column,  and  againft  it  and  under 
4  at  top  you  fee  *99,  which  fhews  it  muft  be  join’d  to 
the  following  permanent  Part  78  in  the  firft  Column 
of  Logarithms,  and  therewith  makes  7899,  the  Lo¬ 
garithm  fought.  Thus  the  Logiftical  Logarithm  of 
1000,  is  found  5563;  and  of  3359,  to  be  301  ,  and 
of  3596,  to  be  5  *,  and  that  of  3600  is  nothing. 

15.  This  Table  alfo  equally  ferves  for  Time,  whe¬ 
ther  for  a  Day  and  Minutes ,  or  Minutes  and  Seconds  ; 
by  help  of  the  little  Table  at  the  End  of  the  Lo- 
giftical  Logarithms ,  which  fhews  what  Parts  of  Mo¬ 
tion  in  Degrees  and  Minutes  correfpond  to  Time  in 
Hours  and  Minutes.  Thus  againft  I3;  in  Time,  you 
fee  337  of  Motion  \  againft  1  Hour  is  20  3c/  ;  and  the 
Motion  anfwering  to  Vllh43/,  l7°  S0^  ~f~  l0  4&; 
—  1 90  l87  5  and  that  anfwering  XXIh  2 11  is520  30', 
-f-  o°  53'7  —  530  23';  and  fo  for  other  Parts  of  Time; 
confequently 
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The  Reafon  of  all  which  is  evident,  from  Art.  5* 
hereof. 

1 6.  Thefe  Logiftical  Logarithms  may  in  like  man¬ 
ner  be  render’d  applicable  to  Computations  of  Money , 
Weights ,  Meafures ,  £5V.  Thus  fince  6o°  :  20s ::  3  :  1, 
therefore  the  Shillings  in  a  Pound  correfpond  to  each 
3d  Degree  or  Minute  of  Motion.  And  again,  fince 
96oqrs  :  360c/  ::  1  :  3'! ;  therefore  to  1,  2,  3,  4,  &c. 
Farthings  there  anfwers  3',  7b  iP,  15',  Minutes 

O  2  of 
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of  Motion  •,  whence  a  Table  may  be  form’d  to  fliew 
the  Logiftical  Logarithm  for  any  Number  of  Far¬ 
things  under  960,  or  one  Pound.  And  thus  you 
may  proceed  to  frame  a  Table  to  render  thefe  Logif- 
tical  Logarithms  for  Motion  ufeful  for  the  Ounces  and 
Pounds  in  an  hundred  Weight ;  and  that  with  great 
Eafe ,  fince  1792,  the  Number  of  Ounces  in  aw  hun¬ 
dred  Weight  Averdupoife,  is  nearly  half  the  Number 
0,600",  the  Seconds  of  the  Table,  Confequently, 
the  Logiftical  Logarithm  of  the  Double  of  any  Num¬ 
ber  of  Ounces,  is  that  required  for  the  Pounds  and 
Ounces  equal  thereto. 

17.  Or,  laftly,  ’tis  eafy  for  any  one  who  fhall 
think  it  worth  while,  to  calculate  Tables  of  Logif¬ 
tical  Logarithms ,  for  any  Species  of  Computation, 
peculiar  to  it  felf.  Thus  with  refpedt  to  Money,  if 
the  common  Logarithms  of  all  the  Farthings  under 
960,  be  fubdudted  from  the  conftant  Logarithm  of 
960,  the  Remainders  will  be  the  Logiftical  Loga¬ 
rithms  of  the  Farthings  in  a  Pound.  The  common 
Logarithms  of  all  the  Numbers  of  Ounces  under  1792 
fubftradted  from  the  conftant  Logarithm  of  the  faid 
Number  1792,  will  leave  the  Logiftical  Logarithms 
of  all  the  Ounces  in  an  hundred  Weight.  And  thus 
you  proceed  to  make  Logiftical  Logarithms  of  any 
Kind  you  pleafe,  or  may  have  occaiion  for.  Which 
is  too  eafy  a  matter  to  require  an  Example,  beftdes 
thofe  above,  Art.  7,  and  8. 
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LOG  ARITHMOLOGY. 

PART  II. 


*The  Praxis  of  Logari  thmSj  Common 

and  Logiftical : 

With  its  Application  to  Vulgar  and  Duo¬ 
decimal  Arithmetic ,  Plain  and  Spherical  Tri¬ 
gonometry  ^  Navigation ,  Menfuration  of  Super¬ 
ficies  and  Solids ,  Gauging ,  Timber-Meafure , 
Aflronomy ,  perform  d  Numerically  and  Infiru- 
mentally. 


C  H  A  P.  I. 

Of  Rules  of  Addition,  Scjbstr  action. 
Multiplication,  Division  of  the 
Indices  ^/Logarithms. 

i .  S  the  Theory  of  Logarithms  has  been  largely 

ZJk  premifed,  the  for  a  Practical  Ufe  and 
JL  JL  Management  of  thofe  artificial  Numbers 
will  from  thence  be  eafily  underftood,  and  the  Ra¬ 
tionale  of  every  Operation  be  apparent  to  the  intelli¬ 
gent  Reader.  Before  we  proceed  to  the  Ufe  of  Lo¬ 
garithms  as  applied  to  common  Arithmetic ,  See.  we 

muif 
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•  muft  firft  confider  feme  previous  Rules  and  Methods 
which  regard  the  due  ordering  and  working  thofe 
Numbers  themfelves*  on  account  of  the  Indices , 
which  admit  of  divers  particular  Cafes  in  the  Rules  of 
Addition >  Subft  raff  ion ,  Multiplication ,  and  Divifion) 
which  therefore  muft  be  exemplified  and  illuftrated  as 
in  the  Sequel  of  this  Chapter. 

Addition  0/  Logarithms. 

2..  As  in  all  Species  of  Arithmetic  the  firft  funda¬ 
mental  Rule  is  Addition ,  fo  in  this  of  Logarithms, 
the  Rules  which  require  this  primary  Operation  come 
firft  to  be  confidePd,  and  they  are  as  follow. 

(. Note ,  I  fhall  in  this  Place  call  the  Indices  of  Loga¬ 
rithms  of  whole  Numbers,  Integral  Indices  and 
thofe  of  the  Logarithms  of  Decimal  or  Fractio¬ 
nal  Numbers,  Decimal  Indices.) 

Rule  I.  If  the  Indices  be  both  Integral r  add  them 
together  for  the  Sum  required. 

Rule  II.  If  the  Indices  are  both  Decimal,  add  them 
as  before  ;  and  oblerve,  (1.)  if  the  Sum  be  above  or 
juft  10  or  100  (— tA  ;  fee  Chap.  IV.  Theory)  caft 
away  10  or  100.  (2.)  If  the  Sum  be  under  10  or 

100  (— tA)  add  10  or  100  thereto  ^  and  both  the 
Sum  in  the  latter  Cafe  and  the  Remainder  in  the  for¬ 
mer,  will  be  Decimal. 

Rule  III.  If  the  Indices  be  of  different  Kinds,  viz. 
Integral  with  Decimal ,  the  S.umy  if  under  10  or  100, 
is  Decimal ;  if  juft  10  or  100,  or  above ,  caft  away 
1  o  or  1 00,  the  Remainder  is  Integral. 

Rule  IV.  In  cafe  the  Sum  of  two  or  more  decimal 
Indices  be  lefs  than  JO~tA,  the  beft  way  will  be  to 
ufe  the  ferger  decimal  Indices^  where  tA  —  100  ;  and 
then  their  Sum  will  be  greater  than  100,  and  fo  the 
Reaj'on  of  the  Operation  will  be  more  evident. 

3.  All  thefe  Rules  relate  to  the  Indices  ot  the  Lo¬ 
garithms  only,  and  .are  exemplified  as  follow  : 

E  x- 
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Examp.  I.  To  3.51321 7  Exam.  IL 
add  2.30319 6 


*°3 


^2.317227 

0.850891 


Rule  I.  Sam  =  5.816413 


Sum  =  3.168 1 18 


Exam.  III.  To  .9.849235  Exam.  IV.  .97.237406 
add  .7.786822  .95.072607 


Rule 

Part 


*1.  }sum=  .7.636057  Sum  =  .92.310013 


Exam.  V.  To  .4.273760  Exam.  VI.  .62.346174 
add  .3.067247  .21.300725 


Rule  II 
1  Part  2 


J  s.  =  .17. 


341007  Sum  =  .  183. 646899 


Exam.VII.  To.  6.372458  Exam.  VIII.  .88.426703 
add  2.673842  5.268402 


:  Rule  III.  Sum=:.9.046300 


Sum  =  .93.695105 


Exam.  IX.  To  5.206737  Exam.  X«  8.426735 
add  ,8.312046  .92.105374 


Rule  III.  $^21=3.518783 


Sum  =  0.532109 


Exam 
add 


yj  .4.203106" 

*C  .1.312729 

J  .2.07034  6 


1  Rule  II. 
Part  2. 


}  S.  =  .27.58618 1 


r  Or  rather  thus ,  per  R«/p  IV. 

Ex.  XII.  .94.20310 6 
.91.312729 
4  .92.070346 


•77*586i8i 


J  V. 


■ 


*Tis  poffible  thefe  two  laft  Examples  may  feem  fome- 
what  ohfcure  *,  but  the  Reafon  and  Truth  of  each  will 
appear,  if  they  are  wrought  at  twice ,  as  follows  : 

To 


2 


X04 

V 


Addition  of  the 

To  .4.203106  And  .94.203106 

add  . i. 312729  .91.312729 

Rule  II.  )  " — - Rule  II.  )  ' - — — - 

Part  2.  J  S.  “  .15.515835  Part  1.  f  S.=  .85.515835 

to  which  add  .2.070346  .92.070346 

Rule  II.  I  — - - -  Rule  II.  )  *“ - - - 

Part  2.  )  S.  =.27.586181  part  1.  J  S.m.77.586181 

From  whence  appears  the  Reafon  why*  in  thefe 
Cafes,  the  larger  Indicey  are  preferable  to  the  j mailer 
ones . 

Subs  traction  0/ Logarithms. 

4.  In  the  Subfir  a  ftion  of  Indices  the  following 
Rules  are  to  be  obferv’d,  viz. 

Rule  I.  If  they  are  both  Integral ,  and  the  higher 
one  the  greater,  the  Remainder  will  be  Integral.  But  if 
the  lower  one  be  the  greater ,  then  add  10  to  the  higher 
one,  and  fubftraft  •,  the  Remainder  will  be  Decimal. 

Rule  II.  If  both  Indices  are  Decimal  •,  and  the 
higher  be  the  greater  \  the  Remainder\%  Integral  \  if 
not,  add  10  or  100  to  the  higher  one,  and  fubdudfc 
the  lower ,  the  Remainder  will  be  Decimal. 

Rule  III.  If  the  Indices  are  of  different  forts,  viz . 
one  Integral  the  other  Decimal  \  then  if  the  higher  be 
Integral  add  10  or  100  to  it,  and  fubftradt  j  the 
Remainder  will  be  Integral.  But  if  the  higher  he  De¬ 
cimal  and  the  greater,  the  Remainder  will  be  Deci¬ 
mal  ;  if  leffer,  the  larger  Indices  muft  be  ufed. 

5.  The  Rules  alfo  are  eaftly  deriv’d  from  the  fore¬ 
going  Theory ,  and  are  illuftrated  by  the  following 
Examples. 

Exam. I.  From  5.816413  Ex.  II.  3.168118 

Subftrad  3.513217  2.317227 


Rule  I.  Rem.  =  2.303196 


Rem.  —  0.850891 
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*o  s 


fex.  III.  From  3.513217  Ex.  IV„  0.850891 

fub.  5.8164.13  3.168118 

Rule  I.  Rem.  £=.7.696804  Rem.  =  *7*682773 


Ex.  V.  From  .7.5036x7  Ex.  VI. 
fub.  .3.467306 


.94.420345 

*92-673457 


Rule  II.  Rem —4. 02  63 1 1  Rem.  =±  1.746888 


fex.VII.  From  .3.467306  Ex.  VIII.  .92.673457 
fub.  .7.5036x7  .94.420345 

Ru!eII.Rem.=.5. 963689  Rem.  ==  .98.2531 12 


fex.  IX.  From  5.816413  Ex.  X.  6.2067347 

fub.  .8.132700  .94.1535012 

:  Rulelll.  Re.  =  7.6837x3  Rem.=  12.0532335 


Ex.  XI.  From  .8.132700  Ex.  XII.  .94.278769 
fub.  5.816413  6.165348 

!  Rule  III.  I ,  - - —  Rule  III.  \  - - - 

Part  2.  jRe0=.2. 316287  Part  2,  J  R.=  .88. 1 1342  I 


Multiplication  ^/Logarithms, 

6.  In  Chap.  IV.  Art.  19th  and  20th  of  the  'Theory > 

I  the  Rules  for  multiplying  the  Indices  of  Logarithms 
1  (of  Pure  Fractions  efpecially)  are  demonftrated  ;  and 
,  are, 

Rule  I.  If  the  Index  hzlntegral ,  multiply  as  ufual » 
the  Produd  (hall  be  Integral, 

Rule  II.  If  the  Index  be  Decimal ,  make  the  Lo¬ 
ll  garithm  of  Unity s  or  tA=xoos  then  Full  the  Index 

•  P  be 


io6  Multiplication  of  the 

be  of  the  larger  Sort ,  which  in  this  Cafe,  will  be  more 
convenient  forUfe  ;  and  then  according  as  you  mul¬ 
tiply  by  2,  3,  4,  5.  6,  &c.  you  muft  rejedt  100,  200, 
300,  400,  500,  &c.  from  the  Product ,  the  Remain¬ 
der  thereof  will  be  Decimal. 

Ex.  I.  Mult.  3.420673  Ex.  II.  5.700672 

by  2  4 

Rulel.  Prod.  =  6.841346  Product  =  22.802 688 


Ex.III.Mult.  .96.130126  Ex.  IV.  .91.034106 

by  2  3 

Rulell.  Pr.=  .92.260252  Prod.=  .73.102318 


Ex.  V.  Mult.  .84.034121  Ex.  VI.  .70.061050 
by  4  5 

Rulell.  Pr.~  .36.136484  Prod.  =  .50.305250 


In  this  laft  Example,  the  Index  .70.  x  5—350  ;  but 
fince  from  3 50  you  cannot  rejedt  400,  as  per  Rule  II  j, 
therefore  it  muft  be  400 — 350z=r.50.  which  fub- 
dudted  from  99,  leaves  49  ;  which  fhews  that  49 
Cyphers  above  100,  that  is,  149  Cyphers  are  to  be 
prefix’d  j  and  this  you  are  to  under fiand  in  all  Cafes 

where  xL  is  lefs  than  x- — ixtA.  See  Chap.  IV. 
Art.  20th,  of  Theory.  Or  thus,  in  general  let  tA  —  10 

or  100  *,  then  when  xL  is  greater  thanx — 1  x  tA,then 
it  will  be  xL — x —  1  x  tA — 9  or  99,  is  equal  to  the 
Number  of  Cyphers  to  be  prefix’d.  But  if  x — 1  x  t  A 
is  greater  than  xL,  then  it  will  be  x — 1  xtA — xL 
— 9  or  99,  =  to  the  faid  Number  of  Cyphers. 
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Chap.  L  Indices  by  Logarithms. 

Division  <?/  Logarithms. 

7,  This  is  but  the  Reverfe  of  the  foregoing  Ope¬ 
ration  ;  and  the  Rule  for  decimal  Indices  the  reverfe 
to  that ;  which  is  alfo  derived  from  Chap.  IV.  Art. 
2  ill,  and  2  2d  of  the  Theory,  which  fee. 

Rule  I.  If  the  Index  be  Integral ,  divide  as  ufual  % 
and  the  Quotient- Index  will  be  Integral . 

Rule  II.  If  the  Index ,  be  Decimal ,  ufe  the  larger 
§ort ;  and  then  adding  to  the  faid  Index  100,  200, 
300,  &c.  divide  by  2,  3,  4,  &c.  the  Quotient- Index 
will  be  Decimal 

Ex.  I.  Divide  6.841348  Ex.  II.  22.802688 
by  2  *  4 

Rule  I.  Quot.=3. 420673  Quotient  =  5.700672 


Ex.  III.  Div.  .92.260252  Ex.  IV.  .83.102300 
by  2  3 

tT-m--  -■■■— 1  wr— -»-■■■  ,t,.«  rr-T^wnn  --  - ~T+mrnmm-« wa 

Rule  H.  Qu. =.96. 130126  Quot,  = -94-367433 


Ex.V. Divide  .36.136484  Ex.  VI.  .30*305250 

by  4  5 

Rulell.  Qu. =.84. 0341 2i  Quot.  =.86.061050 


P  2 


CHAP. 


Multiplication 


CHAP.  II. 


O/'Multipli  cation  and  Di  yisio  N  Of 
Whole  Numbers  and  Decimals  by  Lo¬ 
garithms. 

i.  T  T  Aving  before  (hewn  the  Method  of  finding 
JL  X  Logarithms  of  all  kinds  of  Numbers , 
both  Integers  and  Decimals ,  and  alfo  of  fitting  and 
adjufting  proper  Indices  thereto  ;  and  in  the  forego¬ 
ing  Chapter,  the  Arithmetical  Management  thereof 
in  all  Varieties :  I  fhall  now  apply  the  life  of  thofe 
excellent  Numbers  in  the  Rules  of  Arithmetic  ;  and 
firft  in  the  Multiplication  and  Divifion  of  Whole  Num¬ 
bers  and  Decimals , 

2e  From  the  foregoing  Theory  (fee  Chap.  I.  Art. 
io  ;  and  Chap.  III.  Art.  12.)  we  obtain  this  eafy 
and  obvious  Rule  for  the  Multiplication  of  all  kind 
of  Numbers  by  Logarithms , 

r  To  the  Logarithm  of  the  Multiplicand \ 
v.iz.<  Add  the  Logarithm  of  the  Multiplier  ; 

C  The  Sum  is  the  Logarithm  of  the  Produff. 


Examples  of  Integers. 


Logarithms. 

3.  Example  L  Multiply .  ...  12  =3  1.079181 

by .  8  =  0.903090 


Product 


96  =  1.982271 


Ex- 
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Logarithms. 

Example  II.  Multiply . 127  =  2.103804 

.  12  =  1.079181 

Product . 1524  =  3.182985 


Example  III.  Multiply  .....  526  ===  2.72098$ 

bv . 100  =  2.000000 


Product  ....  52600  =  4.720986 


Example  IV.  Multiply  ....  9876  =  3.99458  c 

by  . .  . .  517  =  2-7I349° 


Product  .  .  5105892  =  6.708071 


Example  V.  Multiply  .  .  ,  987600  =  5.994581 

by . 517000  =  5-71359° 

Product  510589200000  =11.708071 


4.  Examples  of  Mix’d  Numbers. 

\ 

Example  VI.  Multiply  ......  7,5  =  0.875061 

by . 10  =  1,000000 

Product  ......  75  =  1.875061 

Example  VII,  Multiply  ....  12,4  =  1.093422 

by  .  .  3>6  =  0.556302 

Product  ...  44,64  =  1.649724 

Ex* 


'Multiplicati  on 


HO 

t 

Logarithms* 

'  Example  VIII.  Multiply.  .  0,762  =  .9.881955 

by .  57°  =  2.7  55875 

Produd  .  .  434,34  =  2.63783a. 


Example  IX.  Multiply  ....  36,5  =  1.562293 

by  ....  .  0,00019  ==  .6.278754 

Produd  0,006935  —  .7.841047 

Example  X.  Multiply  . . 473  =  .9.674861 

by . .  $z  —  i-8o37°5 

Produd . 30.1  =  1.478566 

— ■  I 

Example  XI.  Multiply  .....  f  =  0.823909 

by .  =  .9.744727 

Produd  iyjfi  =  0.568636 

Example  XII.  Multiply  .  .  .  2^,23'  *=  1.326541 

by .  425*6  =  1.62345^ 

Produd  $00,71$  ~  2.949999 

c ,  Examples  of  Pure  Decimals. 

Example  XIII.  Multiply - ,12  =  .9.079181 

by .  ,8  =  .$.903090 


Product  ....  ,006  —  .8.982271 


by  Logarithms. 


Chap.  II. 


in 


Example  XIV.  Multiply  .  .  ,0097  = 

by  ...  .  ,00021  = 

Produd  000002037  =- 

Example  XV.  Multiply  30042$  = 

by  .  .  .  ,0000$  = 

Product  ,0000003735  = 


Example  XVI.  Mult.  ,00000085  = 

by  ,0000012  = 


Produd  ,00000000000102  = 


Logarithms. 
97.98677  2 
96.322219 


94.308991 


97-623458 

95.948847 


93-572305 


93.929419 

94.079l8l 


.88.OO8606 


Ex.  XVII.  Mult.  ,00000000075  =  .90.875061 
by  ,000006  =  .94.778151 

Produd  ,0000000000000045  =  .85.653212 


6.  Division  by  Logarithms. 

In  the  fame  Part  of  the  T'heory  referr’d  to  (Art.  2.) 
for  the  Rule  by  which  Multiplication  is  performed  by 
Logarithms ,  you  will  likewife  find  the  Demonftration 
of  the  following  Rule  of  Divijion  of  Numbers  by 
Logarithms  *, 

5 From  the  Logarithm  of  the  Dividend , 
Subftrad  the  Logarithm  of  the  Divifor  ; 
The  Remainder  is  the  Logarithm  pf  the 
Quotient, 


Examples  ^/Integers. 

*  / 

Logarithms. 

7.  Example  I.  Divide  ...» *  96  =  1.982271 

by .....  .  12  =  1.079181 

Quotient  ....  8  =  0.903090 


% 

Example  II.  Divide  .......  1524  =  3.182985 

by  1  *  .  *  .  .  .  .  172  r=  2.103804 

Quotient  ......  12  ===  1.079181 


Example  III.  Divide .  52600  =  4.720986 

by .  526  =  2.720986 

Quotient  ....  100  =  2.000000 


Example  IV".  Divide.  .  .  .  5105892  =  6.708071 

by .  5i7  =  2-7I349° 

—  >  - - - 

Quotient  .  .  .  9876  =  3.994581 


ExarmV.  Divide  510589200000  =  11.708071 
by  .  .  987600  =  5-99458i 

Quotient  517000  =  5.713490 


8.  Examples  in  Mix’d  Numbers. 


Example  VI.  Divide 

by.  . 


75  =  1.875061 
7,5  =  0.875061 


Quotient .  10  = 


1 .000000 


Chap.  IL  by  Logarithms*  irj 

Logarithms. 

Example  VII.  Divide  .....  44,64  =  1.649724 

by  .......  .  12,4  =  1.093422 

Quotient .  .  .  3,6  =  0,556302 


Example  VIII.  Divide  ....  434,34  =  2.637830 

by .  57°  ==  2-7  55875 

Quotient.  .  ,762  zzz  .9.881955 


Example  IX.  Divide  .  .  .  ,006935  =  .7.841046 

by .  36’5  =  i-562293 

U  r  “l  *r  -  _  -  -  * 

Quotient  ,00019  =  .6.2  7C753 


Example  X.  Divide, . 30,1  =  1.478566 

by .  =  1-803705 

Quotient  .  .  .  .  .  ,473  =  .9.674861 


Example  XI.  Divide  .......  3477$  =  0.568636 

f  by . .  76  =  0.823909 

Quotient  .....  5  =  -9-7 44727 


Example  XII.  Divide.  .  .  ^00,71$  =  2.949999 

by .  =  1  •623458 

1  r  r*r*— — .  ~  ■'  ••mmms 

Quotient .  .  2(t^2  =  1.326541 


*9.  9- 

\  • 


9' 


Examples  in  Pure  Decimals. 

Logarithm! 

Example  XIII.  Divide.  .  .  .  ,096  =  .8.982271 

by .  ,12  =  .9.079181 

Quotient  ....  ,8  =  .9,903090 


Exam  XIV.  Divide  ,000002037  =  .94.308991 
by  ...  .  ,0097  =  .97.986772 

Quotient  ,00021  =  .96.3  22219 


Ex.XV.  Divide  .  .  ,0000003735  =  -93-572305 


by .  00008  =  .95.948847 

11  ■  —  ■■  ~  '  ■"  *■'  '  nr  ■  ^ 

Quotient  ,0047$  =  .97.623458 


Ex.XVI.  Div.  ,00000000000102  =  .88.008600 
by  .  .  ,00000085  =  .93.929419 

Quotient  ,0000012  =  .94.079181 


Ex. XVII.  Div.  ,0000000000000045  =.85.653212 
by..  ,000006  =.94.778151 

Quotient  ,00000000075  =.90.875061 


io.  I  think  thefe  Examples  in  the  Multiplication 
and  Bivifion  of  Numbers  by  Logarithms ,  are  fufficient 
to  inftrudl  any  docible  Genius  in  his  Pradlice  herein  *, 
and  as  the  latter  are  but  the  Converfe  of  the  former, 
fo  they  mutually  illuftrate  and  prove  the  Truth  of 
each  other  refpedively. 
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CHAP.  III. 

Of  raifing  Powers,  and  the  Extraction  a/’ 
Roots  by  Logarithms. 

1 .  IT?  ROM  the  Theory  of  Logarithms  (Chap.  I. 

Art.  12.  and  Chap.  III.  Art.  13.)  we  have 
an  evident  Rule  for  the  Involution  of  Numbers ,  or 
raifing  them  to  any  propofed  Power  by  means  of  Lo¬ 
garithms  ;  which  is  this, 

"Multiply  the  Logarithm  of  the  given  Number 
by  the  Index  of  the  Power,  viz.  2,  3,  4,  5, 

;  &c.  the  Produbi  fhall  be  the  Logarithm  of 

‘  j  the  Power,  viz.  the  Square ,  Cube ,  Biqua- 
drate ,  Surfolid ,  &c.  Power  of  the  faid  j'mvz 
Number. 

Examples  in  Involution. 

2. .  Example  I.  What  is  the  Square  of  the  Num¬ 


ber  32  ? 

Multiply  the  Logarithm  of . 32=1.505150 

by  the  Index  of  the  Power .  2 


The  Prod,  is  the  Log.  of  the  Square  1024=3.010300 


Ex.  II.  Required  the  Square  of .  .  ,  .  3,2=0.505150 
Multiply  by  .........  .  2 


The  Prod,  is  the  Log.  of  the  Square  10,24=1.010300 

j  x 

:  Ex.  III.  Required  the  Square  of  ,  .  ,32=9.505150 
Multiply  hjy . .....  0.  2 

The  Product  is  the  Anfwer  .  .  ,1024=9.010300 

O ^  2  Ex- 


1x6  Of rqifing  Powers 

Example  IV.  Required  the  feveral  powers  of  the 
Number  1.05  to  the  Surfolid? 

x.  The  Logarithm  of . 1.05=0.021189 

Multiply  by  .  .  2 

The  Produdt  is  the  Square  .  .  .  1,1025=0.042378 

*  ,  i-' 

2.  Multiply  the  Logarithm, of  1.05=0.021189 

by  . . .  . . j 

The  Produdi  is  the  Cube  1,157625=0.063567 

3.  Multiply  the  Logarithm  of  1.05=0.02 1 189 

by .  4 

Product  is  the  Biquadrate  1.2x650625—0.084756 

i  .  . '  • '  v.  '  ■■  *  ,  ■ 

4.  Laftly,  Multiply  the  fame  .  .  1.05— 0.021 189 

by  .  . . 5 

Produdt  is  the  Surfolid  2.2773315625=0.105945 

•  :  -  *  *  ’  *  •  ■) 

Example  V.  Required  the  furfolid  Power  of  the 
Number  ,ooo 6  ? 

Multiply  the  Logarithm  of  ,0006^.96.778 151 
By  the  Index  of  the  Power  5 

Th zSurfol.  ,oooooooooooooooo7776=.83.S90755 

♦ 

Example  VI.  What  is  the  Cubo-Cube  Power  of, 08  ? 

Multiply  the  Logarithm  of.  .  ,o8=.98. 903090 

by  the  Index  of  the  Power  ...  6 

The  Cubo-Cube  V ower  ,000000262144=93.418540 

Example  VII.  What  is  the  57th  Power  of  the  Num¬ 
ber  299  ? 

Multiply 
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Multiply  the  Logarithm  of  .  .  .  ,99—  9.995635 
by  the  Index  of  the  Power  ...  57 

69969445 

49978175 

The  57th  Power  is  .  *  .  ,56389,  &c.=. 9. 751 195 

3.  There  is  another  w7ay  of  railing  the  Powers  of 
Decimal  Numbers  by  Logarithms,  and  it  is  thus  ; 

{  Multiply  the  Arithmetical  Complement  of  the 
Logarithm  of  the  given  Fraction  by  the 
Index  of  the  Power,  the  Arithmetical  Com¬ 
plement  of  the  Product  is  the  Logarithm  of 
the  Power  fought. 

And  this  in  many  Cafes,  (as  when  the  Index  of  the 
Pozver  is  a  mix’d  Number  or  pure  Decimal )  will  be 
found  mo  ft  certain  and  ready.  Thus  in  the  laft  Ex¬ 
ample  this  way  ; 

Example  VIII.  What  is  the  57th  Power  of  the 
Number  ,99  ? 

The  Logarithm  of . .  ,99—9. 995635 

The  Arithmetical  Complement  0.004365 

which  multiply  by  .  .  .  57 

3°555 

2 1825 

0.248805 

•975i  195 

Example  IX.  What  is  theith  or  25th  Power  of  ,2  ? 


The  Produdt  .  .  . 

The  Arithmet.  Comp,  is  1  r  G  0 
the  Log.  of  the  Power  3  9,5  c*~~ 


The 


II 


Extraction  of  Roots 


The  Logarithm  of  .  .  .  ,2— .9. 301030 

The  Arithmetical  Comp,  thereof  .0.698970 

which  multiply  by  the  Index  ,25 

. . mm.  ■  ■  ■  .  ■  —i 

3494850 
1 397940 


The  Produdt  .  .  . 
The  Arithmet.  Comp,  is 
the  Log.  of  the  Power 


7474250 

|  ,66874,  &c.  =,  .9.825258 


Example  X.  What  is  the  6,25th  Power  of  ,0032  ? 

The  Logarithm  of  .  .  .  ,0032=.  7.505150 

The  Arithmetical  Complement  2.494850 

which  multiply  by  .  .  .  6.25 

The  Produdt  is  .  .  .  15.5928125 

The  Arithmetical Complem.  of  which  is  .84.4071875 
And  the  Number  anfwering  thereto,  viz. 
,00000000000000025538  is  the  6.25th  Power  of 
,0032. 


4.  Evolution  or  Extraction  of  Roots 

by  Logarithms. 

This  is  done  by  a  Rule*  the  converfe  of  that  f os  Invo¬ 
lution ,  in  Art.  ift  ; 

{Divide  the  Logarithm  of  the  Power  by  the 
Index  of  the  Root,  the  Quotient  fhall  be 
the  Logarithm  of  the  Root  fought. 


Examples  in  Evolut  10  n. 

Example  I.  What  is  the  Square  Root  of  1024  ? 
Divide  the  Logarithm  of  .  .  .  1024=3.01 0300 

By  the  Index  ot  the  Root  2 

The  Quot.is  the  Log  .of  the  fquare  Root  3  2  =  1 .505 1 50. 

Ex- 
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Example  II.  Required  th eC'ube  Root  of  1^157626? 

Divide  the  Logarithm  of  1 , 1 57625=0.063567 
By  the  Index  of  the  Root  3 

The  Qu.  is  the  Log.  of  the  Cube  R.  1,05  =  0.021 189 


Example  III.  What  is  the  furfolid  Root  of  the  Power 
,00000000000000007776  ? 

The  Logarithm  thereof  is  .  .  .  .83.890755 

which  divide  by  the  Index  5 


The  Quot.  is  the  Log.  of  the 
Root  fought 


s 


,0006=96.778151 


Example  IV.  What  is  the  Cubo-Cube  Root  of  the 
Power  ,000000262144  ? 

The  Log.  of  .  .  ,000000262144— .93.418540 

Which  divide  by  the  Index  6 


The  Root  fought  is  .  .  .  ,08= 98.903090 

Example  V.  What  is  the  57th  Root  of  the  Power 
,56389,  &c.  ? 

The  Logarithm  of  .  .  .  ^563^^^  See. 
which  divide  by  .  .  .  57 

The  Root  required  is  .  .  .  ^99~-9-995^35 

5.  Another  different  way  to  ex  trad  the  Root  of 
Decimal  Numbers  is  the  converfe  of  that  in  Art.  3d, 
hereof. 

r  Di  vide  the  Arithmetical  Complement  of  the  Lo- 
1  garithm  of  the  Decimal  given  by  the  Index 

viz.  <  of  the  Root  required,  the  Arithmetical  Com- 
I  piemen t  of  the  Quotient  is  the  Logarithm 
L  of  the  Root  fought. 


3 
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Example  VI.  What  is  the  ,25th  Root  of  the  Power 
,66874,  See.  ? 

The  Logarithm  thereof  is  .  .  .  .9.825258 

The  Arithmetical  Complement  is  0.174742 
which  divide  by  .  ,  .  ,25 


The  Quotient  .  .  . 

The  Arith.  Comp,  is  the  Log. 
of  the  Root 


0.698976 

,2^9.301030 


Example  VII.  Required  the  6.25th  Root  of  the 
Power ,00000000000000025538  ? 

The  Logarithm  thereof  is  .  .  ,  .84.407187 

The  Arith.  Comp,  of  which  is  15.592813 

which  divide  by  .  .  .  6.25 


The  Quotient  is  .  .  .  2.494850 

the  Arith.  Complem.  thereof  is  ...  .7.505150 

the  Logarithm  01,0032  the  Root  fought. 


Example  VIII.  What  is  the  Cubo-Cube  or  6th  Root 
of  the  Power  ,  1  ? 

The  Logarithm  of  .  .  .  ,i==9. 000000 

the  Arith.  Comp,  thereof  .  ,  .0.999999 

which  divide  by  the  Index  6 


The  Quotient  .  .  . 
The  Arith.  Comp,  is  the 
Log.  of  the  Root 


0.166666 
|  ,68129,  &c.  =.9.833333 


6.  Thus  you  fee  the  great  Ufe  of  Logarithms  in 
extracting  the  Roots  of  a  given  Power,  which  tho’  a 
thing  fo  very  difficult  by  the  Rules  of  common  Arith¬ 
metic,  is  yet  render’d  moft  eafily  practicable  by  this 
excellent  Art ;  yea  ’tis  eafy  to  make  it  appear,  that 
the  Extraction  of  Roots  is  not  only  moft  expeditioufly 
performed,  but  hath  a  more  univerfal  Perfection  in 
this  Method,  than  in  any  other. 


e  h  A  p. 
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CHAR  IV. 

Of 'the  various  Rules  ^Proportion,  and  of 
finding  Mean  Proportionals  by  Loga¬ 
rithms. 


1 .  T7^  ROM  the  theory  Jtis  evident,  that  the  golden 
Jp  Rule ,  or  Rule  of  Proportionals ,  is  wrought 
in  Logarithms  by  only  the  Addition  and  Subjlraffion 
of  the  Logarithms  of  the  Terms  of  the  Proportion. 
And  if  the  Proportion  be  diredt,  the  Rule  is  thus; 

Add  the  Logarithms  of  the  fecond  and  third 
Terms,  from  that  Sum  fubftradt  the  Loga¬ 
rithm  of  the  firft  *,  the  Remainder  is  the 
Logarithm  of  the  fourth  fought. 


Viz 


Examples  in  the  Golden  Rule  Eire  St. 

Example  I.  If  12  Pounds  coft  i /.  1  $s.  yd.  what  will 
173  Pounds  coft  ? 

The  Logarithm  of  ...  .  .  12=1.079181 

To  the  Log.  of  1  /.  15 s.  9  ^.=1,7875=0.252246 
Add  the  Logarithm  of  ......  .  173=2.238046 

The  Sum . .  .  .  .  .  2.490292 

Subftradt  the  firft,  there  remains  25,77 /.= 1.4 1 1 1. 1 1 


Wherefore  the  Anfwer  is  25,77 /.=2  5/.  I5J*  4^-L 

2.  But  fince  if  you  divide  by  any  Number,  or 
multiply  by  its  Reciprocal ,  the  Effedt  is  the  fame  ; 
and  alfo  fince  the  Arithmetical  Complement  of  any 
Number,  is  but  the  Logarithm  of  the  Reciprocal  of 

°  R  that 
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that  Number ;  therefore  it  follows,  that  where  the 
Subjlraftion  of  a  Logarithm  is  required  in  any  Ope¬ 
ration,  if  you  take  the  Arithmetical  Complement  of 
that  Logarithm,  the  whole  may  be  performed  by 
Addition  only.  Thus  in  the  foregoing  Example. 

{the  Ar.  Comp,  of  the  Log.  of  12.— .8.9208 19 

the  Log.  of . 1,7875 4=  0.252246 

the  Log.  of  . .  *73=  2.238046 

The  Sum  is  the  Anfwer  ....  25,774=1411111 
the  fame  as  before. 

Example  II.  If  2  C.  1  q.  2 1  4  14.cz.  coft  54  ijs.  Sd.l. 
whatAvill  3 1  C.  2  q.  26  4  15  oz.  coft  ? 

Then  2  C.  iq.2il.  i40Z.=2»4453 A. Com.  .9.61 166S 
The  Log.  of  54  1  ys.  8d.l  =  5.8844  =  0.769702 
TheLog.  of  31  C.  2  j.  264  15^2.7  __  ^ 

=31,7405  5  ^  ' 

The  Saw  is  the  Logarithm  of  76,38 1 4=i  .882984 
Therefore  76,3814=764  7/.  7  tfU  is  the  Anfwer. 


o 


Of  the  Rule  of  Three  Inverfe . 


In  this  Cafe  you  muft  take  the  Arithmetical  Com¬ 
plement  of  the  third  Term,  and  add  it  with  the  Lo¬ 
garithms  of  the  other  two  as  before  ^  fo  fhall  the 
Sum  be  the  Logarithm  of  the  Anfwer. 

Example.  Suppofe  a  Field  feeds  1 8  Horfes  for  7 
Weeks,  how  long  will  it  feed  42,  at  that  rate  ? 

{the  Logarithm  of . 18=1.255272 

the  Logarithm  of .  7=0.8 45098 

the  Arith. Comp,  of  the  Log.  of  42=8. 37675 1 


The  Sum  is  the  Logarithm  of  Anfwer  3=0.477121 


Chap.  IV*. 


of  Proportion . 


*23 


4.  Of  the  doable  Rule  ofPhrce,  or  Rule  of 
Five  Numbers. 

*  j 

As  in  Queftions  of  this  fort,  there  are  always  three 
conditional  or  fuppofed  Perms  *,  the  firft  of  which  is  the 
principal  Caufe  of  Gain ,  Lofs ,  Adlion,  &c.  the  fecond 
denotes  the  Pime ,  Difiance ,  &c.  and  the  third  is  the 
Gain,  Lofs ,  or  Allion,  &c.  So  let  thefe  three  Terms 
be  denoted  by  the  Capitals  P,  T,  G.  Alfo  there  are 
three  other  Terms  (fimilar  to  the  three  former)  which 
make  the  Queftion  to  be  refolv’d  ;  and  let  thefe  be 
reprefented  by  the  fmall  Letters  p,  t,  g.  T  wo  of  which 
are  always  given,  and  the  other  is  fought.  But  fince 

Pt  G  ::  p  :  ~p  ;  and  again,  fince  T :  ::  t :  g  j 


therefore  Tg  =  ,  and  confequently  PTg=tpG  ; 

from  which  general  Theorem  we  can  eafily  find  p,  t, 
or  g.  Thus,  I.  ~!Jl  =  p-  and  II.  =t;  and  III. 

=  g.  The  Contrivance  of  thefe  excellent  The¬ 
orems  we  owe  to  the  late  Mr.  Ward ,  of  Chefter . 

5.  I  (hall  exemplify  Queftions  in  this  Rule  by  Ex¬ 
amples,  as  follow. 

Example  I.  If  100/.  in  12  Months  gain  6/,  what  will 
35°/.  gain  in  9  Months  ? 

Here  P=ioo,  T=i2,  G=6  s  alfo  9:^350,  t=9, 
to  find  g. 

f  the  Logarithm  of  . .....  .  G=6=o,778i5i 

Add<  the  Logarithm  of . 9=350=2.544068 

(the  Logarithm  of  .......  ^9=0.954243 

The  Sum  is  the  Logarithm  of  ....  Gpt=4.2  76461 


R  2 


Add 
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Add  \  ^ie  ^0gar^^im  °f . P=  100=2.000000 

(the  Logarithm  of . .  T=i2=i.o79i8i 


The  Sum  is  the  Logarithm  of . PT=3« 079181 

Then  from  the  Logarithm  of  ....  Gpt=4. 276461 
Subduct  the  Logarithm  of . .  PT=3.o79i8i 


There  rem.  the  Log.  of  ^^-=g  =  1 5,75  =1.197280 
Wherefore  the  Anfwer  is  15.75 /.= 15/.  1 5 s. 

6.  Example  II.  If  36  Bufhels  will  ferve  24  Horfes 
48  Days,  how  long  will  126  Bufhels  ferve 
96  Horfes  ? 

Here  P=24,  T=48,  %  aSfo  and 

g=i2  6  ;  to  find  t. 

f  the  Logarithm  of  P=2  4=1 .3802 1 r 
Add<  the  Logarithm  of  T=48=i.68  124* 

/the  Logarithm  of  g=i26=2. 100370 

The  Sum  is  the  Log.  of  .  .  PTg=5. 161822  from" 

Adn  the  Logarithm  of  G=36=i  ,556302  . 

1  the  Logarithm  of  p=9  6= 1.9822  71 

The  Sum  is  the  Log.  of  ....  Gp=2-5  38573  fubf.J 


Therefore  the  Log.  of  =  t  =  42  =  1.623249 
The  Anfwer,  viz.  42  Weeks. 


7.  Example  III.  At  the  Rate  of  4I  l.  per  Cent .  per 
Ann.  what  Principal  will  produce  35/.  15/. 
in  7,5  Months  ? 

Here  P=ioo,  T=i2,  G=i4,5  •,  alfo  t=y.5,  and 
g =3575  i  to  find  p. 


Add 
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{the  Logarithm  of  P=  100=2 .000000 
the  Logarithm  of  T=i2=i.o79i8i 

the  Logarithmof  g=35, 75=1. 55327^ 

TheSumis  the  Log.  of  .  .  .  PTg=4.632457  from'* 

...  c  the  Logarithm  of  0=4.5=0.653212  } 

■  ( the  Logarithm  of  1=7.5=0.875061  . 

TheSumisthe  Log.  of  ...  .  01=1.528273  fubf.J1, 

Whence  the  Log.  of ^  =p= 1 2  7 1 , 1 14=3 .104184. 

Confequently,  1271, U4/.=i27i/.  is.  is  the 
Anfwcr. 

Note,  Thefe  ’Theorems  give  the  Anfwer  abfolutelyv 
without  regarding  whether  the  Proportion  be  Direbf 
or  Inverfe ,  or  both  together,  as  in  Art.  6.  Exam.  II. 

8.  Of  the  Method  of  finding  Mean  Proportionals. 

In  order  that  a  clear  Notion  of  this  mod  ufeful 
Problem  may  be  had,  I  fhall  premife  the  following 
things. 

i.  Between  two  fquare  Numbers  A  A  and  BB,  there 
will  fall  but  one  Mean  Proportional  AB  j  that  is, 
Aa :  AB  ::  AB  :  B\  See  Eucl,  8.  1 1. 

2.  Between  two  Cubic  Numbers  A3  andB3,  there 
will  fall  two  Mean  Proportionals  AaB  and  ABa  \  that 
is,  A5:  AaB  ::  ABa  :  B3.  See  Eucl.  8.  12. 

3.  Between  two  Biquadrate  Numbers  A4  and  B4* 
there  will  fall  three  Mean  Proportionals  A3B,  AaB% 
and  AB3  ;  that  is,  A.4  :  A?B  ::  A3B  :  AaBa  ::  AaBa  j 
AB3  ::  AB3 :  B4. 

4.  Again,  between  two  furfolid  Numbers  A*  and, 
B*,  there  will  fall  four  Means ,  viz.  A4B,  A3B\ 
AaB%  and  AB4  *,  that  is.  A5,  A4B,  A3Ba,  AaB3, 
AB4,  B5,  will  be  Proportionals.  And  thus  the. 

1  Number 
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Number  of  Mean  Proportionals  will  be  always  lefs  by 
one  than  the  Index  of  the  Power  of  the  given  Ex¬ 
tremes. 

Q.  But  the  common  Ratio  of  all  fuch  Series  is  -- 

A 

For  AA  x  =  AB  ;  and  AB  x  ~  =  BB. 

And  A3  x  ==A*B ;  and  A^B  x  -?  =  AB2,  ;  and 

_  ' _  A  A 

ABX  x  5-  =B;,  and  fo  in  the  others.  Here  I  have 
A 

fuppofed  A  to  be  the  lead  Number,  and  B  the  greated, 
and  the  Series  to  begin  from  Aa,  A3,  f£c.  But  if  B 
be  lefs  than  A,  and  the  Series  begin  from  B%  B%  c dc. 

then  the  Ratio  of  the  Series  will  be  —  • 

Now  ~  is  Root  of  ~ dy,  &c.  and  there¬ 
fore  from  thefe  Premifes  well  underdood,  ’tis  eafy  to 
conceive  the  Reafon  of  the  following  Rule  for  find¬ 
ing  Mean  Proportionals,  viz, 

"Subdracd  the  Logarithm  of  the  leaft  T erm  from 
the  Logarithm  of  the  greateft ,  and  divide 
the  Remainder  by  a  Number  greater  by  one 
than  the  Number  of  Means  defired;  then 
Rule<  add  the  Quotient  to  the  Logarithm  of  the 
lead  Term  (or  fubdradt  it  from  the  Loga¬ 
rithm  of  the  greateft)  continually,  and  it 
will  give  the  Logarithms  of  ail  the  Mean 
Proportionals  defired. 


io.  Example  I.  Let  two  Mean  Proportionals  be 
fought  between  8  (=A3)  and  28  (=  Bs.) 


The 
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The  Logarithm  of  ......  .  B3=28=i.447i5g 

The  Logarithm  of . A3=8=o. 903090 

The  Difference  is  .  .  . .  =0.544068 

which  divide  by  ......  .  3 

B 

The  Quotient  is  .........  ,  —  -2=0. 181356 

To  which  add  the  Log.  of.  .  .  A5=8=o.90309d 

The  Sum  is  the  Log.  of)  ~  0  r 

1  ft  Mean  f  A  8=12,14=1.084446 

B 

To  which  add  again . .  77  =0.181356 

■  I  11  u.  M 

The  Log.  of  the  2d  Mean  AB2=i8544=i. 265802 

Wherefore  thePropcr-  7  8  :  12,14  ::  18.44  :  28 
tionals  are  5  A3  ;  A*B  ABa  :  B3. 


xi.  Example  II.  Between  16  and  64  find  five 
Mean  Proportionals. 

The  Logarithm  of . B6—64=i. 80618a 

Subdu&the  Logarithm  of.  .  A6=i6=i.  204120 


There  remains  ..........  rz  =0,602060 


i  of  which  is . .  .  , 

To  which  add  the  Log.  of 


B 


.  .  =0.100343 

A*=i  6=1.2041 20 


The  Sum  is  the  Log,  of 
the  iff:  Mean 

To  which  add  again  . 


|  A'B=20. 158=1.304463 


0  0  <»•••• 


B 

A  =0**00343 


The  Log,  of  the  2d  Meat*  A4B1=25, 398=1. 404806 

And 
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And  thus  you  produce  the  Logarithms  of 

!3dMeah .  A?B5=32=i. 505150 

4th  Mean . AaB4=40.3 17=1.605493 

5th  Mean . .  ABJ= 50,796=1.70 58 36 


The  Series  therefore  is  this, 
f  16.  20,158.  25,398.  32.  40,317.  50,796.  64. 

lA‘.  A*B.  A4BL  A*B\  A4B\  A'B.  B*. 


12.  If  it  were  required  to  find  364  Propor¬ 
tionals  between  o  and  1.06  \  or  o  and  1.05  ;  or  o  and 
1,04,  (Ac.  then  A3  6  5=o,  and  B3  6  5=i,o6  ;  1.05, 


&c.  and 


I 


365 

B  —  v' 


.06,  or 


365 

l/ 


I  .05) 


Wherefore  if  you  multiply  the  Logarithm  of  B,  by 
2,  3>  4>  5^  &c.  to  3^5»  you  will  thereby  obtain 
the  Mean  Proportionals  required.  And  thefe  will  be 
the  feveral  Amounts  of  1  /.  and  its  Inter  eft  for  each 
Day  of  the  Year,  at  the  Rates  of  6,  5,  4/.  SCc.  per 
Cent,  per  Annum ,  Compound  Inter  eft .  But  more  will 
be  faid  of  this  hereafter. 


C  II  A  P.  V. 

Simple  Interest  by  Logarithms. 


*.  1%  yT  Y  Defign  being  only  to  acquaint  the  Reader 
XVJL  w^h  the  theory  and  practical  Ufcs  of  Lo¬ 
garithms ,  and  not  to  treat  of  the  Theory  of  any  other 
Art  or  Branch  of  Mathematical  Science  ;  it  will  be 
fiifficient  for  me  barely  to  mention  the  Theorems  or 
Rules ,  on  which  the  divers  Parts  of  Learning  (I 

O' 

{hall  treat  ofj  depend,  and  fhew  how  they  are  moll 
conveniently  wrote  by  Logarithms . 

Of 


Chap.  V;  by  Logarithms* 


Of  Simple  Interest, 

2.  I  have  more  than  once  ferv’d  myfelf  with  thofe 
excellent  Theorems  of  In  ter  eft  contrived  by  the  late 
Ingenious  Mr.  Ward ;  and  fhall  once  again  make 
them  fubfervient  to  my  Defign  in  this  Place.  In 
order  to  which 

f  P=any  Principal  or  Sum  put  to  Inter efl . 

Let<  A^atio  of  the  Rate ,  per  Cent,  per  Ann , 

I  T=th  zTime  the  Principal  continues  at  Inter  eft* 
l.A=the  Amount  of  the  Principal  and  Inter  eft. 

3.  Then  any  three  of  thefe  being  given,  the  other 
fnay  be  found  by  the  following  Theorems. 

Theor.  I.  TRP+P=A.  Theor.  II.  =  P. 

Theor.  Ill,  =  R._  Theor.  IV.  Ap  -  T. 


Queft.  I.  What  will  275/.  i$s.  amount  to  in  oft 
Years,  at  4 \l.  per  Cent .  per  Annum  ? 

Here  P=2 75, 75,  1=3,5,  R=o,o45,  to  find  A. 
Theor.  I. 

! the  Logarithm  of  .  .  .  P=2 75.7  5=2 .440 5 1 5 
the  Logarithm  of  .  .  .  T=  3,5=0.544 068 

the  Logarithm  of .  .  .  R=o. 045=8. 6532 12 

The  Sum  is  the  Log.  of  PTR=43, 4  3 1=1.637795 

To  which  add  P=275,75 

7he !SilPTR+P=A=3'9'‘8‘=3>S'-  3‘-  H- 

I 

Queft.  II.  What  Principal  or  Sum  being  put  to  In- 
tereft,  will  amount  to,  or  raife  a  Stock  of 
319/.  35.  7  d.  in  fk  Years,  at  the  rate  of  4 14 

per  Cent .  per  Annum  ? 


The 


Simple  Interejl 
The  Log.  of  the  Amount  A =/.  319,181=2.504036 


the  Log.  of  the  Time  .  .  .  T=3, 5=0.544068 
the  Log.  of  the  Rate  R=o.045=.  8.6532 12 


The  Sum  is  the  Log.  of .  .  TR=o.  1575=. 9. 197280 
Then  the  Log.  of  .  .  .  TR-|~  1=1. 1575=0.063521 

££*  i  ^75.75^.4405.5 

Wherefore  the  Principal  j  ;  , 

required  is  5  r  J  J  J  J 


Queft.III.  At  what  Rate  perCent.  &c.  will  2  75/.  15L 
amount  to  319/,  3  j.  7^.  in  3  ^  Years  ? 

Here  A— P=3  *9, 18 1—275,75=43.431. 

The  Logarithm  ....  A — P=43*43 1=1.637800 

hogarithm  of  .  .  .  P=275, 75=2. 440515 
c  the  Logarithm  of  .  .  .  T=  3,5=0.544068 

The  Sum  is  the  Logarithm  of  PT  .  .  .  =2.984583 


W  hich  fubf.  from  the  Log.  }  ^  0  ^  0 

A  T3  1  -b  >  R=o, 045=^8. 6^3218 

A— P,  there  will  remain  3  5  D:> 


Queft.  IV.  In  what  Time  will  275/.  15 j.  raife  a 
Stock  of  319/,  35.  7*/.  at  the  Rate  of  4 \l. 
per  Cent,  per  Annum  ? 

the  Log*  of  the  Frin*  F^275’75=244°5i5 

v  '  4  the  Log.  of  the  Ratio  R=o.045=.8.6532i2 


The  Sum  is  the  Log.  of  PR=  l-°9372;7 

Which  fubftrad:  from  3  a  p  ,  t  '0^ 

the  Log.  of  1  A-P=43, 43 1=1.637800 


There 
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There  will  remain  the  l  A— p 
Log.  of  J  RP  =T=3, 5=0.544073 

Therefore  the  Anfwer  is  3?  Years. 


4.  Of  Annuities,  &c.  in  Arrears, 


rUz=the  Annuity,  Penjion ,  or  yearly  Rent, 
T~the  of  its  Continuance  unpaid* 
pU(.  J  R=the  Ratio  of  the  Rate  of  Inter  eft. 

^  A— the  Amount  of  the  Annuity  and  its  Intereft. 


Then  the  Theorems  for  finding  each  of  thofe  Parti¬ 
culars,  are  as  follows. 

Theor. I.  XR:+TU=A. 

Z 

Theor.  II.  TTR^j fR-YIT  = 


Theor.  III. 


2  A — 2TU 
TTU — TU 


Theor.  IV.  ^  4.  2?  :  —  =T. 

RU  »  4 


Queftionl.  If  250/.  yearly  Rent  (Penfion,  &c.)  be 
forbom  or  unpaid  7  Years,  what  will  it  amount 
to  in  that  time  at  6  /.  per  Cent .  for  each  Payment 
as  it  becomes  due  ? 

Here  11=250,  R=o.o6,  T=  7  \  to  find  A- per 
Theor.  I. 

a  ,  1  c  the  Logarithm  of  ....  U=2 50=2.3 97940 
c  1  the  Logarithm  of  ...  .  T=  7=0.845098 

The  Sum  Is  the  Log.  of  .  .  TU=i750=3.243030 
add  the  Logarithm  of .  .  .  T=  7=0.845098 

The  Sum  Is  the  Log.  of  TTU;=  12250=4.088 128 


S  4 


Then 


3  3  2  Simple  Inter ejl 

Then  the  Log.  of  XTUTTU  =5250=3.720159 
to  which  add  the  Log.  of  R=o,o6=. 8. 778151 

'-r'T'U _ TIT 

The  Sum  5s  the  Log.  of — --- — •  xR=3 1 5=2.4983 10 


To  which  add  . 


*  «  «  i 


TU=i75o 


TTU — TU  } 

=A=  5 


2065/.  the  Anf. 


The  Sum  is 

xR:+TU: 

Note,  if  thefe  Payments  be  made 
‘Quarterly,  1  ^  flR,  ^U,  and  4T. 
Half-yearly,  l  <  |R,  iU,  and  2T. 
Three-quarterly,  J  HR ,  |U,  and  |T. 


Queft.  II.  What  Tear-Rent ,  Penfion ,  &c.  being  for-* 
born  or  unpaid  feven  Years,  will  raife  a  Stock 
of  2065/.  allowing  6  'per  Annum, 
for  each  Payment  as  it  becomes  due  ? 

Here  A:=2o  65,  T=y,  R==o.odj  to  find  U,  per 
Theor.  II. 

«  ,  ,  C  the  Logarithm  of.  ...  .  T=7=  0.845098 
a  c  the  Logarithm  of  .  .  .  R=o,o6=. 8. 778151 

The  Sum  is  the  Log.  of.  .  .  TR=o,42:=. 9. 623249 
to  which  add  the  Log.  of  T=r7=;  0.845098 

The  Sum  is  the  Log.  of.  .  TTR=2, 94— 0.468337 
From  which  fubdu£t  .  .  .  TR=o,42 

There  remains  .  .  TTR — TR=2.52 
to  which  add . 2T=i4 

the  Sum  is  TTR — TR-{-2T=i6, 52=1. 218010 
the  Logarithm  of . 2  A=4 130=3.61 5950 


The 
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The  Difference  of  thefe  Logarithms  is  11=250/.  =4 
2.39794°,  which  is  the  Annuity  fought. 

Queft.  III.  If  250/.  Yearly  Rent,  &c.  being  forborri 
7  years,  will  amount  to  2065/.  allowing 
jfimple  Intereft  for  each  Payment  as  it  becomes 
due,  what  muff  the  Rate  of  Intereft  be  per 
Cent,  per  Annum  ? 

.  1  ,  C  the  Logarithm  of  ...  .  11=250=2.397940 
G  X  the  Logarithm  of  ...  .  T=7=  0.845098 

The  Sum  is  the  Log.  of  .  .  .  UT—i  750=3.243030 
to  which  add  the  Log.  of  .  .  .  T=y=  o  845098 

The  Sum  is  the  Log.  of  TTUrer  1 2  250=4.088128 
from  which  fubdud  .  .  .  .1X1=1750 


there  remains  TTU— TU=  10500=4.021 189 
the  Logarithm  of  2  A—  -2 TXIzir 63 0=2. 79 9 340 


Subdudthe  former  from  the  ) 
latter,  there  will  remain  5 
Wherefore,  as  1  /. :  0.06  /.  :: 
quired. 


R=o.o6=.8,778i5i 
i  00/. :  61.  the  Rate  re«* 


Queft.  IV.  In  what  time  will  250/.  Yearly-Rent, 
raife  a  Stock  of  2065/.  allowing  6  L  per  Cent . 
&c.  for  the  Forbearance  of  each  Payment  as 
it  becomes  due  ? 

HereXl=250,  A=20 65,  R=o.o6,  * — 

0  u  R  0,06 

*  * 

• — 1=32,3'=#  *,  to  find  T,  per  Theor.  IV. 

the  Logarithm  of  ...  .  U=2 50=2. 397940 
Ucthe  Logarithm  of.  .  .  .  R=o. 06—  8.778151 


The 
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The  Sam  is  the  Logarithm  of  RU=I5=i.  176091 
which  fubf.  from  the  Log.  of  2  A— 4130=3.615950 

there  remains . *  .  .  .  ^  =^275, 3=2.439859 

Add  5^  Logarithm  of;  ...  .  #=32,3=1.509658 
Qlthe  Logarithm  of .  .  ,  .  ^#=8.083=0.907594 


The  Sum  is  the  Log.  of 


AT* 

"4 


=26l?3605=2.4l7252 


to  which  add 


2A 

kiT— 275>3333 


the  Sum  is  . 


2A 

Sir  + 


XX 


4  =53M938=2-729724 

Half  that  Log.  7  ^  2  A  ,  XX  ^  r  r 

istheLog.  S  RU  +  1  =23, 166^=1.364862 

from  which  dedu6t ....  I#=i6,i66£? 


there  will  remain  ~  -f-  —  : — 1#=T=7,  the 

KU  1  4  1 

Number  of  Years  required. 


5.  Of  the  Present  Worth  0/ Annuities, 

Pensions,  &c . 


Here  U,  P,  R3  T,  are  ufed  to  denote  the  Annuity , 
prefent  Worth,  Ratio  of  the  Rate  of  Inter  eft ,  and 

Hme^  as  in  the  former  Articles  ;  here  alfo  let  ~ — 

2p 

-jj  — i=#  j  then  the  Theorems  for  Operation  are 
as  follows ; 

Theor.  I.  x  U=P=  Prefent  Worth. 

TR4- 1 

Theor.  II.  xi'R— TR4-2T  x  2L=U,= Annuity,  &c, 

Theor. 
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*,p. _ 2TU 

Theor.III.  rru— tu— z'pf  =R=>  °‘  Rate- 

Theor.  Iv/~ )  +  ^  ±  ix=T,  =  the  Time. 

Queft.  I.  What  is  the  prefent  Worth  of  75  /.  Yearly 
Rent,  to  continue  9  Years,  at  6  per  Cent . 
&c. 

Here  U=75,  T— 9,  R~o.o6,  to  find  P, 

Theor.  I. 

-  ,  ,  c  the  Logarithm  of . T— 9=0.954242 

c  the  Logarithm  of .  .  .  .  R=o.o6=.8.778i5i 

The  Sum  is  the  Log.  of .  .  .  .  TR:=,54=.9. 732393 

Alfothe  Logarithm  of .  .  TTR=4, 86=0.686635 
fubftradt  ... _ _  _ _ TR-,54 

there  remains  ....  TTR— TR==4#32 
to  which  add .  2T=i8. 

■— — — — » — »  .  —  a 

The  Sum  is  TTR — ?TR  -j-  2 T=2  2 , 3  2=^  1 . 348694 
the  Logarithm  of  .  .  .  2TR-j-2=3.o8— 0.488551 

the  Difference  is .  —0.860143 

To  which  add  the  Log.  of  .  .  .  U— 75— 1.875061 
The  Sum  is  the  Logarithm  of 

X  U  =  P  =  543.506  =2.735204 
Wherefore  the  prefent  Worth  is  543/.  10  s.  id  A. 

Queft.  II.  What  Annuity,  Penfion,  &c.  may  be 
purchafed  for  543/.  10 s.  idA,  to  continue 
9  Years,  allowing  to  the  Purchafer  6  per  Cent . 
per  An.  fimple  Intereft  ? 

Here  P=543,5o6  j  R— 0,06  ;  to  find  U,  per 

Theor.  II. 


From 


r*s6 


Simple  Inter  eft 


From  the  Log.  of  ...  .  TR+i=i, 54=0.1 

fubducft  the } 

JLoo-.  of  J  rik^iR-f  zl  =22.32=1.348694. 


to  the  Difference .  '  .8.838827 

add  the  Logarithm  of  2P=io87,oi2=3. 036234 

The  Sum  is.  the  Logarithm  of 
TR-f-i 

TTR — TR-4-2T  x  2P=  U  =75=1.875061 
That  is,  75/.  per  Annum ,  is  the  Annuity,  £dV.  fought. 

Queft.  III.  If  543/.  105.  iff -I  ready  Money,  will 
purchafe  an  Annuity,  Leafe,  &c.  of  75/, 
per  Annum ,  to  continue  9  Years  *,  Quaere  the 
Rate  of  Intereft  per  Cent.  See.  ? 

Here  P— 543,506;  U=75  ;  T=o  ;  to  find  R,  per 
Theor.  III. 

9 

From  the  Log.  of  2P-— r2TU=262, 988=2. 41 9936 
ftg  thoef  1  TT'U-T  U  2  PT=43  83,  1 08=3 .64 1 7  8  2 


the  Difference  is  the  Log.  of  R—o.o6—.8.yy8i  ^4. 

Wherefore,  as  1 /.  :  0,06/.  ::  100/.  :  61.  the  Rate 

required. 

Queft.  IV.  If  for  543  /.  105.  1  ff  i  I  purchafe  an  An¬ 
nuity,  Penfion,  &c.  of  7 5/.  per  Annum ; 
Sptare,  how  long  I  may  enjoy  it,  at  the  Rate 
of  6  per  Cent.  Sec.  Intereft  ? 

Here  P—543,506,  LT=75,  R=o,o6 ;  tofindT,p?r 
Theor.  IV..  ‘  *  j 

From  the  Log.  of.  .  .  2p=io87, 012=3.036234 
fubdudl  the  Log.  of . U=7 5  =  1.875061 

2? 

the  Diff.  is  the  Log,  of.  .  y  =14,493=1.161 173 

Which 
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which  fubftradt  from  .  .  — 1=32,333' 

there  remains  jr  —  — 1  =#=17. 840=1. 251395 

add  the  Log.  of  .  .  » . £#=4.46=0.649335 

the  Sum  is  the  Log.  of .  .  £##=79,5664=1.900730 

2p 

to  which  add . =241,558 


2?  OC  V 

the  Sum  is  Pu  +  ^  =32I>I244=2-5°°659 

half  which  IS  1  zP  .  xx 

the  Log.  of  S  ^RU  +-  =i7>9i9=i-253329 


Log. 
fubflradt 


£#=8,92 


there  remains  ^ — |#=T=8, 999=9, 


the  Years  fought. 


6.  If  the  Queftionbe  of  Annuities,  &c.  in  Reverfion, 
j  you  muft  find  the  Amount  of  the  Pur  chafe -Money  to 
I  the  time  of  Commencement  (together  with  its  Intereft) 
:  by  Queft.  I.  Art.  3.  and  make  that  Amount  the  Sum 
for  the  Purchafe  ♦,  and  then  proceed  as  in  the  Que- 
ftions  of  this  laft  Article.  Thefe  are  all  the  funda¬ 
mental  or  original  Q afes  of fimfte  Intereft . 


Compound  Interejl 


CHAP.  VI. 

Compound  Interest  by  Logarithms. 

■«  i 

i.  JTA  H  E  former  QuefHons  of Jimple  Interejl  might 
be  reiolved  by  the  Rules  of  vulgar  Arith¬ 
metic  ;  and  I  have  only  there  {hewn,  they  may  alfo 
be  (and  that  in  many  Cafes,  moft  conveniently)  wrought 
by  Logarithms.  But  in  the  prefent  Affair  of  compound 
Interejl ,  the  Ufe  of  Logarithms  is  abfolutely  necejjary  \ 
no  other  Method  of  the  Solution  of  Queftions  in 
compound  Interefl;  being  equal  to  it  in  Extent  and 
Perfection.  And  confequently  the  young  Student  in 
Arithmetic  is  under  an  indifpen'fible  Obligation  to  be 
acquainted  with  this  moil:  excellent  and  ufeful  Branch 
of  the  Science. 

2.  I  fhall  here  alfo  proceed  according  to  the  Theo¬ 
rems  of  Mr.  Ward  \  and  therefore 

f  P^the  Principal  put  to  Interejl. 

\  trzrthe  Time  of  its  Continuance . 

Put<  A— the  Amount  of  the  Principal  and  Interejl . 

|  Rr^the  Amount  of  i  /.  and  its  Interejl  for  one 
Year,  at  any  given  Rate. 

Note ,  you  find  ?  ioo  :  106::  i  :  i,o6^R,  at  GperCt. 
R  thus,  3  ioo  :  105::  1  :  1,05— R,  at  5 per  Ct. 

The  Amounts  of  i/.c  1.  2.  3.  4.  5,  (Ac.  Years, 
in  feveral  Years  i  R.  R1  R3  R4  R5,fdV.  Am.  ofi/. 

Therefore  R*  =  the  Amount  of  1  /.  in  the  Time  t  for 
the  Rate  agreed  on  ;  this  being  premifed,  the  Theo¬ 
rems  for  Compound  Pntercjl  are  as  follow. 

3.  Theor.  L  PR^Asctfhe  Amount . 


Theor. 


*39 
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Theor.  II. 


A 

R* 


r:P=:  the  Principal. 


Theor.  III. 


=  the  Time. 

=  the  Amount  of 


By  thefe  Theorems  the  feveral  Queftions  of  Com" 
pound  Intereft  are  anfwered  moft  expeditioufly  by 
the  Logarithms  in  the  Manner  following. 


4.  Queft.  I.  What  will  2 75/.  i$s.  amount  to  in 
3!  Years,  at  4 \l.  per  Cent. per  Annumy  Com¬ 
pound  Intereft  ? 

Here  P=275?75  ^  R=i,045  5  t—  3,5  ;  to  find  A, 
per  Theor.  I. 

The  Logarithm  of . R=a  ,045— 0.019 1 16 

multiply  by  the  Time  ...  t~  3,5 

The  Prod,  is  the  Log.  of  1^=1 ,1665  — 0.066906 
To  which  add  the  Log.  of  P— 275,75=2.440515 


TheSumis  the  Log.  ofPRt=A=3  2  1,68— 2.50742 1 

So  the  Amount  fought  is  3 2 1  /.  1 3  s.  yd.  which  is 
more  than  the  Amount  by  fimple  Intereft  by  2  /.  10  r. 
See  Queft.  I.  Art.  3.  of  the  foregoing  Chapter. 

I  Queft.  II.  What  Principal  or  Sum  being  put  to  Ufe 
at  4*/.  per  Cent.  Compound  Intereft,  will 
amount  to  321  /.  13  s.  7  d.  in  3*  Years  ? 

Here  A—  32 1,68  *,  Rr=i,045  >  t=3,5  ;  to  find  P, 
per  Theor.  II. 

From  the  Logarithm  of  A=3  21, 68=2. 507421 
Subdud  theLogarithm  of  Rl=i.  1665=0.066906 

A 

The  Diff.  is  the  Log.  of^t  ^=P=275, 75=2. 440515 
therefore  the  Principal  fought  is  275/.  15  J. 

T  2  Queft, 


1 40  Compound  Inter ejl 

Queft.  III.  At  what  rate  per  Cent.  Szc.  Compound 
Intereft,  will  275/.  15 s.  raife  a  Stock,  or  a- 
mount  to  321  /.  13 j.  yd.  in  3!  Years  ? 

Here  A=32i,68  *,  P=275,75*,  ^3.5  ;  to  find  R, 
Theor.  III. 

From  the  Logarithm  of  x4=32  1,68=2.507421 
Subftradt  the  Log.  of .  .  .  P=2 75, 75—2.4405 15 

The  Difference  is  the  Log.  of  Rf  0.066906 

which  divide  by  the  Time  .  .  .  t=3,5 

The  Product  is  the  Log.  of  R=i. 045=0. 0191 16 

Then  as  1  :  0,045  ::  100:4,5=4 \l.  per  Cent,  the 
Rate  required. 

Queft.  IV.  I11  what  Time  will  275/.  1 5  raife  a  Stock 
of  32 1  /.  13^.  yd.  at  the  rate  of  4 \l.  per  Cent . 
Compound  Interefl  ? 

Here  P=275?75  ;  A=32i,68  ;  R=i.045  ;  to  find 
t,  per  Theor.  IV. 

From  the  Logarithm  of.  .  A=32i, 68=2. 507421 
Subdual  the  Logarithm  of  P=2 75, 75=2.4405 15 

The  Diff.  is  the  Log.  of  ...  .  Rl=i, 045^0. 66906 

ThentheLog.  of  1.045=0.0 19 1 1 6)0.066906(3, 5=t. 

57848 

95580 

95580 


Thus  the  Anfweris  3  Years  and  6  Months. 

“  ^  r 

Note ,  As  the  Amount  of  any  Sum  and  its  Intereft  is; 
greater  at  Compound  Intereft  than  at  Simple  Intereft " 
for  any  Time  above  a  Year;  fo  it  is  lefts  at  Com-* 
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pound  than  Simple  In  ter  eft  for  any  'Time  lefts  than  a 
Year,  as  the  Learner  may  eafily  prove  by  the 
Theorems  beforegoing. 

5.  Of  Annuities,  &c.  in  Arrears. 

Theor.  I.  —  =  A  =  the  Amount  of  any  Sum. 

Theor.  II.  =  U  =  the  Annuity ,  Penfion , 

&c. 

Theor.  III.  g.A+u-A  _  R.  _  the  Time. 

Theor.  IV.  —  o'  ^  —  R‘  =  the  Amount 
of  I,/. 

6.  Queft.  I.  If  30/.  yearly  Rent  be  forborn  9  Years, 
what  will  it  amount  to  at  5  /.  Cm.  &c. 
Compound  Intereft  ? 

HereU=3o,  t=9,  R=i,05  ;  to  find  A  ;  per 
Theor.  I. 

1  , 

The  Logarithm  of  ...  .  R=i  ,05=0.021 189 
multiply  by  the  Index  ...  *  o 

The  Produd  is .  ^=1.516=0.180701 

To  which  add  the  Log.  of .  .  .  U=30=i  .477 121 

The  Sum  is  the  Log.  of  URt=45, 48=1. 657822 

Subdud  ....  U=30 

There  remains  .  .  .  UR4 — 11=15,48=1.189771 
Subftrad  the  Log.  of  R — 1=0.05=8.698970 

The  Diff.  is  the  )  UR*— U  * 

Log.  of  $  ~R ~  =  A  =  3°9>6=2-49°801 

The  Amount  therefore  is  30 9/.  1 2  j,  for  Anfwer. 


Compound  Inter ejl 

Queft.  II.  What  Annuity,  &c.  will  raife  a  Stock  (or 
amount  to)  309 1.  12  s.  being  forborn  or  un¬ 
paid  9  Years,  at  5/.  per  Cent .  &c.  Compound 
In  ter  eft  ? 

Here  A— 309,6  ;  t—g  ^  R— 1,05  ;  to  find  U,  per 
Theor.II. 

AddJ  t^ie  Logarithm  of  .  .  .  .  A=3op, 6=2. 490801 
i  the  Logarithm  of  .  .  .  R=i, 05=0.021 189 

The  Sum  is  the  Log.  of  .  .  AR=32  5,08=2.51 1996 

Therefore  the  Leg.  of  AR — A=i 5,48=1 .189771 
Subdud:  the  Log.  of  .  .  .  Rf — 1=0.5 161=9.7 12650 

The  DItF.  is  the  )  AR— A  TT 
Log.  of  L;  TiC=r=u  =  3°=i-477m 

That  is  30/.  per  Annum  is  the  Annuity  fought. 

..  .  I  ,  ••  '4  ■»..  4  .  )  w  J  ‘h,  *  «  -  i  ,  : 

Queft.  III.  In  what  time  will  30/.  per  Annum  a- 
mount  to  309/.  i2j.  at  5/.  per  Cent.  Com¬ 
pound  Intereft  ? 

Here  U=3o  *,  A=309,6 ,  R—1,05  \  to  find  t,  per 
Theor.  III. 

-  , ,  (  the  Logarithm  of  .  .  .  .  A=309, 6=2. 490801 
c  t  the  Logarithm  of  ...  .  R=i,o5=o.02ii89 

The  Sum  is  the  Log.  of  AR=325,o8=2.5i  1990 

Subftradt  ....  A — 11=279,6 

■  There  remains  AR-f-U — A=45, 48=1. 657822 
Subftracl  the  Log.  of  U=  30=1.477121 

TheDifF.  is  the  Log.  of  .  .  Rt=i,05f=o.  180701 

Then  the  Log.  of  1,050.02=1 189)0.180701(9^. 

1807.01 

■  ■ « 

Anfwer,  9  Years.  ..... 

Queft. 
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Queft.  IV.  At  what  Rate  per  Cent.  Compound  In- 
tereft  will  30/.  Yearly  Rent  amount  to 
309/.  12 s.  in  9  Years? 

Here  U=3o  ;  A=309,6  ;  *  t— 9  *,  to  find  R,  per 
Theor.  IV. 

From  the  Log.  of  .  .  .  A — 11=279,6=2.446537 
Subdudl  the  Logarithm  of  .  .  .  U=3 0=1. 477121 

A _ u 

The  DifF.  is  the  Log.  of  -jp  =9,32=0.969416 

Again  from  the  Log.  of  .  .  .  £=309,6=2.490801 
Subftrabt  the  Logarithm  of.  .  £1=30=1.477121 

The  DifF.  is  the  Log.  of*  ~  =10,32=1.013680 

Therefore  the  faid  Theorem  IV.  is  reduced  to  this 
Equation,  viz.  9.32=10,32!! — R9.  Now  this  E- 
quation  may  be  eafily  refolv’d  by  a  converging  Series  ; 
or  ftill  eafier  by  the  Tables  of  the  Amount  of  1/. 
for  feveral  Years  fucceffively  •,  for  therein  R9,  or  the 
Amount  of  1  /.  in  9  Years  may  be  tried  for  the  feve¬ 
ral  Rates  per  Cent .  in  the  Tables.  For  inftance,  fup- 
pofe  I  pitch  upon  the  Table  at  5/.  per  Cent.  Com¬ 
pound  Intereft,  then  I  find  R9=  1.55 1328,  &V, 
Wherefore  9. 32-f-i. 551328=10. 871328=10. 32R  ; 
therefore  10.32)  10.871328  (=1,05.  Now  fince 
1  /.  :  0,05/.  ::  100/.  :  5/.  the  very  Ratepr  Cent,  af- 
fumed  in  the  Tables,  it  will  follow,  that  is  the  true 
Rate  fought. 

Note,  This  Queftion  may  be  refolved  by  the  Rule 
of  falfe  Pofition  •,  which  1  leave  to  the  Learner’s 
Exercife, 


7- 
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7.  Of  the  Present  Worth  of  Annuities, 
(Ac,  at  Compound  Interefi. 


Here  P  denotes  the  prefent  Worth  of  any  Annuity, 
Leafe,  (Ac.  and  the  reft  of  the  Letters  as  before. 
Art.  6.  Then  the  Theorems  are  as  follows. 

u _ L 

Theor.  I.  — —  =  P  —  the  prefent  Worth . 

R —  1 


Theor.  II. 


PRRt—PRt 
Rc — 1 


=  U  =  the  Annuity ,  &c. 


Theor.  III.  pr  =  =  the  lime. 

Theor.  IV.  7  =  ^  R'  +  R'  —  R'+‘=  the  Value 
of  R. 


Queft.  I.  What  is  30/.  per  Annum  to  continue  9  Years, 
worth  in  ready  Money,  abating  5/.  perCent . 
&c.  Compound  Intereft  to  the  Putchafer  ? 

Here  U=30,  t=9  *,  R=i,05j  to  find  P,  per 
Theor.  I. 

The  Logarithm  of  .  .  .  .  R=i,05=0.02 1 1 89 

Multiply  by  the  Time  ....  9 

The  Prod,  is  the  Log.  of  R9=i. 5 16=0. 180701 
which  fubftracft  from  the  Log.  of  11=30=1.47712 1 


The  DifF.  is  the  Log.  of  ^  =19,788=1.296420 
which  take  from  .  .  .  11=30 

u 

there  remains  ...  U  —  =10.2 1 2  =1 .0091 1 1 

Subdudtthe  Log.  of  .  .  .  R — i=o.05=.8. 698970 


The  DifF.  is  the  Log.  of  P=204, 24=2.310141 

The  prefent  Worth  is  204/.  4 s.  9 d.\y  the  Anfwer. 

Queft. 
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HS 


'  \  9  .  i 

f  _  ■■  \  .  :  .4  i  ‘  1  '#  * 

Queft.  II.  What  Annuity,  CdL  to  continue  9  Years 
may  one  purchafe  for  204/.  4J.  gdi.  abating 
5  /.  per  Cent .  &c.  to  the  Purchafer  ? 

Here  P=204,24  •,  t=9  ;  R=S=i,o5  ;  to  hnd  U,  per 
Theor.  II. 

f  the  Logarithm  of  .  .  .  1^=1. 5 16=0. 180701 
Add  ■<  the  Logarithm  of  ,  .  .  .  R=i,05= 0.021 189 
v-the  Logarithm  of.  .  P=204, 24=2.31 0141 

The  Sum  is  the  Log.  of  PRRt=325,i  1=2. 51203 1 
Then  from  ....  PRRt=325i,n 
Subftrad  .....  PRr==309.628 

there  remains  PRR* — PRt=i5, 482  —  1. 189799 
Subdud  the  Log.  of  Rt-— 1=0.516  =  .9.712650 

.  \  ^  . 

The  DifF.  is  the  Log.  of  .  .  .  U=30=  1.477 149 

Therefore  the  Annuity  fought  is  3d  /.  per  Annum % 

I  t >  ■-  1  j 

Queft.  III.  What  time  may  one  enjoy  an  Annuity, 
&’c.  of  30 h  per  Annum;  for  204/.  45.  9  d-k. 
ready  Money,  abating  to  the  Purchaler  5  /. 
per  Cent.  &c.  ? 

*  { 

Here  P ==2204, 24.  *  U=s3b  $  R=i.Q5  \  to  find  t, 
Theor  III. 

t  the  Logarithm'  of  .  .  Pi±=204, 24=2.310141 
ithe  Logarithm  of.  .  .  .  R= 1,05=0.021 189 

The  SuM  is  the  Log.  of  PR=2 14,452=2.3  3 1330 

Then  .  : .  .  .  P±U=234.24 

The  DifF.  .  .  .  P-f-U — PR=  19.78  8 =1.296402 
1  which  fubftrad  from  the  Log,  of  U=30=  1.4771 21 

The  DifF.  is  the  Log.  of  Rt=:i,o5t==3,5i6=o.i8o7i9 

U  Then 
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Then  the  Log.  of  1,05=0.021 189)0,  i8o7I9(—  9=t. 

180701 

r  - 

A  nfwer,  9  Tears.  •  •  •  •  18 

Queft.  IV.  Suppofe  an  Annuity,  &c.  of  30/.  per 
Annum ,  to  continue  9  Years,  be  fold  for 
204/.  4  5.  gdh.  ready  Money,  what  rate  of 
Intereft  hath  the  Purchafer  allow’d  per  Cent. 
&c.  for  his  Money  ? 

Here  P—204-,24  ;  U=  30  ;  t~ 9  ;  to  had  R,  per 
Theor.  IV. 

From  the  Log.  of  the  Annuity  11=30=1.477121 
Subdud  the  Log.  of .  .  .  .  P—204,24—2.310141 


The  DifF.  is  the  Log.  of  p  =0. 14679=9. 166980 

Then  the  faid  Theor.  IV.  is  reduced  to  this  Equa¬ 
tion,  viz.  0.14679  =  0. i4679R9-|-R9 — Rro  ;  which 
is  to  be  folv’d  by  the  Method  of  1  nfinite  Series.  But  for 
thole  who  underhand  not  that  Method,  this  Queftion 
is  much  better  anfwer’d  by  the  Rule  of  Falfe  ;  or  yet 
Oafier  by  the  Tables  of  Compound  Intereft.  See  a 
compleat  Set,  with  their  Ufes,  in  my  Syftem  of  Deci¬ 
mal  Arithmetic ,  pubi hired  for  Mr.  Noon ,  at  the  White 
Hart ,  in  Cheapfide ,  London. 

8.  Of  Fur  chafing  Freehold  Es  t  a  t  e  s. 

Eftates  in  Fee  Simple  (which  are  fuch  as  we  com¬ 
monly  call  Freehold  or  Real  Eftates)  being  pur- 
chafed  for  ever ,  or  without  Reverfion  •,  *tis  plain, 
that  in  the  foregoing  Theorems  for  finding  the  pre¬ 
fen  t  Worth  of  Annuities,  iRc.  if  thofe  Terms 
wherein  t  (=  the  Lime)  is  found,  be  made  to  va- 
nifh,  as  being  Infinite  >  the  faid  Theorems  will  be 

reduced 
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reduced  to  fuch  as  fuit  the  pre^ fen t  Cafe ,  and  are 
as  follows. 


Theor.  I.  -hL  —  p?  the  PrefentJVorth ,  or  Pur  chafe- 
Money. 

Theor.  II.  PR — the  Annuity ,  or  Eft  ate  per 
Annum. 

Theor.  III.  — ™  =  R,  the  Amount  of  i  /.  at  the 


given  Rate. 

Quefiion.  What  mull  be  given  for  a  Freehold  Eflate 
of  50/.  per  Annum ,  allowing  the  Buyer  67. 
per  Cent.  Compound  Intereft  for  his  Money  A 

Here  U— 50  ;  R™i,o6  ;  to  find  P,  per  Theor.  I. 

The  Logarithm  of  .  .  .  U— 50=1.698970 

Suhdud:  the  Log.  of  R+1— °>  06=.  8. 778151 

TheDifF.is  the  Log.  of  -  =P=  8  5  3,^—2.9208x9 


The  Purchafe-Money,  then,  is  833/.  6a  87.  If 
it  had  been  at  the  Rate  of  5  /.  per  Cent .  Compound 
Intereft ,  the  laid  Eftate  would  be  worth  1000/.  pre- 
fent  Money  ;  which  is  equal  to  twenty  times  the 
Yearly  Rent :  and  therefore  the  general  Method  of 
buying  Freehold  Eftates ,  is  by  paying  20  or  25  times 
the  Yearly  Rent ;  which  is  commonly  called  20  or 
25  Years  Purchafe. 

The  other  twro  Theorems  are  wrought  in  the  fame 
Manner  for  U  and  R  ,  which,  being  fo  very  eafy3 
$eed  no  Example. 


& 

U  2 
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CHAP.  YII. 

\  * 

OfVvLQAR  Fractions  by  Logarithms, 

I.  ripO  find  the  Logarithm  of  a  Vulgar  Fraction 3 
this  is  the 

r  From  the  Logarithm  of  the  Numerator 
Rule  <  Subftraft  the  Logarithm  of  the  Denominator  ; 
L  the  Remainder  is  the  Log.  of  the  Fraction. 


Example  I.  What  is  the  Log.  of  the  Fraction  * 1  ? 

From  the  Logarithm  of .  .  .  51  =  1.707570 

Subltradt  the  Logarithm  of .  .  .  73=1,863323 

'  *  *  .  ‘ '  •  •  \  > 

there  remains  the  Log.  of  77=0. 69862=. 9. 844247 

\  !  -  . .  *  \  >  •  *■  •  a  *  , 


Exam.  II.  What  is  the  Logarithm  of  — ~6  2 

*•  *  ",  4  *  •  ^  A  •  '  <1  1 

From  the  Logarithm  of  .  .  .  .  1—0.000000 

Subtract  the  Logarithm  of .  .  .  1756—3.244524 


there  remains  the 
Log.  of 


— V.  -  ,00056947=1.6.755476 


Exam.  III.  What  is  the  Logarithm  of  ? 

From  the  Logarithm  of  ...  .  100=2.000000 

Take  the  Logarithm  of  .  .  .  1357=3.1 32580 

there  remains  the  Log  of 073692=. 8. 867420 

* 

/  • 

Exam.  IV.  What  is  the  Logarithm  of  rJHisi  ? 

'•  v  •  '  51  (  •. w  t  s 

The 

K  li 
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The  Logarlthmof  ....  597 2 -7  7  6191 

From  which  take  the  Log.  of  ioooooo— 6.oooooq 


there  rem.  the  Log.  ^7^^^,005973  ==.7.7761 9a. 


2,  If  the  Fraction  be  a  mix’d  one,  it  muft  be  re¬ 
duced  to  an  improper  Fra  diion  ^  and  then  proceed 
with  it  as  before. 

•  v  T 

Example  I.  What  is  the  Logarithm  of  13-7  ? 

Here  13!=—  ; 

Therefore  from  the  Logarithm  qf  96=1.982271 
fake  the  Logarithm  of .  .  .  .  7=0.845098 


there  remains  the  Log.  of  131=13.714=1.137173 

Exam.  II.  What  is  the  Logarithm  of  l9M- 
Here  193I7: 


94140 
‘  7  3 


Then  from  the  Logarithm  of  14140=4. 1 50449 
take  the  Logarithm  of  .  .  .  .  73=1.  863323 

there  rem. the  Log. of  193^=193,69862=2.287126 


3.  If  the*  mix’d  Fradlion  confifts  of  large  Num¬ 
bers ,  it  may  be  moft  eafily  reduc’d  by  Logarithms^ 
thus  ;  fuppofing  the  Example  be  2145^  > 

To  the  Log.  of  tht  Integral.  Part  2145=3.331427 

Add  the  Log.  of  the  Denominator  589=2  7701 15 

The  Sum  is  the  Log.  of .  .  1263405=6.101542 
to  which  add  the  Numerator  .  .  57 


thenewNum.  12634629 
Then  you  have  j  ^  ^  _  * - > 


the  Denomin. 


t  t  ! 


57 


the  Fradt, 
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4..  To  multiply  Vulgar  Fractions  by  Logarithms, 
atdd  the  Logarithms  of  the  Numerators  for  the  Lo~ 
garithm  of  a  new  Numerator  *,  and  the  Logarithms  of 
the  Denominators  for  the  Logarithm  of  a  new  De¬ 
nominator.. 


Example.  What  is  the  Product  of  ~  into  I  r 
Add  the  Log5.,  of  the  Numerators  |  ^  -~o  8  ^098 


The  Log.  of  the  new  Numerator  245=2.389166 

Add  the  Log5,  of  the  Denominat5.  j  2.238046 

5  l  9— °-954242 

The  Log.  of  the  new  Dencmin .  1557=3.192288 
Therefore  ^  xi  =  the  fractional  Product 

.  1  /  3  1 5  5  7  ■* 

required. 


5.  The  Logarithm  of  the  Product  of  feveral  Frac¬ 
tions  multiplied  into  one  another  is  thus  obtained  5 
viz.  Add  the  Logarithms  of  all  the  Numerators  and, 
the  Arithmetical  Complements  of  the  Logarithms  of 
all:  the  Denominators  together  *,  the  Sum  is  the  Loga¬ 
rithm  required. 


Example. 

r 

Add  to-^ 
gether 

L 


?  i 


What  is.  the  Logarithm  of  ~  x  itx 


7  V 


the  Logarithms  of 


87=1.939519 
3.3=  1.5 1 8  5,1 4 

3— °-477I2i 


the  Arith.  Comp,  of  the 
Logarithms  cf 


{97=. 8. 014228 
46=. 8. 337242 

7— 9-I549°2 


The  Log.  of  x  ? 


8  6  1  3 

31234 


-,27639~9'44i526 

6. 
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6.  To  divide  Vulgar  Fractions  by  Logarithms, 
do  thus  ;  Add  the  Logarithm  of  the  Denominator  of 
the  Divifor  to  the  Logarithm  of  the  Numerator  of 
the  Dividend  the  Sum  is  the  Logarithm  of  a  mm 
Numerator  ;  and  the  Sum  of  the  Logarithms  of  the 
other  two  Factors^  is  the  Logarithm  of  the  new  De¬ 
nominator  of  the  Quotient  required. 

Example.  Divide  ~s-  by  i. 

Add  the  Logarithms  of  I .  9— 0.954242 

0  t  245=2.389166 


The  Log.  of  the  new  Numerator  2205=3. 


Add  the  Logarithms  of!  ...  ^  ° 

l  I557==3‘1922i 


The  Log.  of  the  new  Denom.  10899=4.0 


Therefore  £)££7(=7 


aio; 


o  b  9  9 


See  Art.  4. 


7.  The  Logarithm  of  this  Quotient  may  be  found 
by  one  Addition,  in  like  manneras  directed  in  Art.  5. 
thus  •, 


Add  to¬ 
gether 


the  Logarithm  of  I  9  °'95-1 24-2 
&  t  245— 2.389166 

the  Arith.  Comp,  ofc  *  7=3.9. 154902 

the  Logarithms  of  1  1557=3.6.807712 


The  Log.  of  .  .  I)^(=^=,2023 1— 9.306022 

8.  Th t  Extraction  of  the  Roots  of  Vulgar  Frac- 
tionsby  Logarithms  is  thus  performed.  Divide  the 
Logarithm  both  of  the  Numerator  and  Denominator 
of  the  given  Fraction  by  the  Index  of  the  Root  ;  the 
Quotients  fhall  be  the  Logarithms  of  the  Numerator 
and  Denominator  of  the  Fractional  Root  required. 

Examp. 
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l  v  -  *  *  .  :  til 

.  I.  What  is  the  Square  Root  of  the  Fra&ioti 

*  8  *9  ? 

ldaoi  • 

1  ' 

'r*  .  -  *>  * 

Divide  the  Logarithm  of  .  .*.  .  .  1849=3.266937 
by  the  Index  of  the  Root  ...  2 

The  Log.  is  the  Nuhl.  of  the  Root  43=1.63  3468 

■  *■  1 

V 

Again,  divide  the  Log.  of*  .  .  10201=4.008643 

by  .....  .  2 

\  r- 

r.n.  ■  ■■■■  i  ■  ■ 

TheLog.  of  the  Denom.  of  the  Root  101=2.00432* 
Therefore  v/7L^i  =r^t  the  Root  required. 

Example  II.  What  is  the  Cube  Root  of  86}jj  ? 

This  reduced  to  an  improper  Fraction,  is  ; 

Therefore  the  Logarithm  of  29791=4.474085 
i  thereof  is  the  Log.  of  the  new  Num.  31=1.491362 

Again,  the  Logarithm  of  .  .  ;  .  343=2.535294 

of  which  is  the  Log.  of  the  new  Denom. 7=6.845098 

•  ,  3  _ _ 

Confequently  ^86^  ~  y- =  44,  the  Citbe  Root 
fought. 

9.  To  find  the  Logarithm  of  the  Root  of  any  Frac¬ 
tion  ;  add  the  Logarithm  of  the  Numerator  to  the 
Arithmetical  Complement  of  the  Logarithm  of  the 
Denominator ,  and  divide  that  Sum  by  the  Index  of 
the  Root  ;  the  Quotient  fhall  be  the  Logarithm! 
fought. 

•  >  t  *  r  *  /  * 

Example  I.  What  is  the  Logarithm  of  the  Square 
Root  of  the  Fraction  -r~~t  ? 

I  O  2  U  I 


»  ■ 
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The  Log.  of  the  Numerator  .  .  .  1849=3.266937 
Comp.  Arith.  of  the  Log.  7 
oftheDenom.  \  •  •  *<™>*=-5-99*35? 


TheSurh  is  ....  . 

which  divide  by  the  Index  of  the  Root 


.9.258284 

2 


The  Quot.  is  ?  a~%  r 

theLocr.of  s  v/i,oWx=^=.42574=.9.629i47 


Exam.  IF.  What  is  the  Logarithm  of  the  Cube  Root 
of  the  mix’d  Fraction  86—^,  or  its  equal 

29791  p 
3  4-3  • 

Add?^e  Logarithm  of.  .  .  .  29791=4.4740 85 

£ the  Ar.  Com.  of  the  Log.  of  343=7.464706 

The  Sum  is  the  Log.  of .  68||~=i .938795 

which  divide  by  the  Index  of  the  Root  .  .  3 

ThteheLfog.'of}  ^=4^=4.4285=0.646*63 


CHAP.  VIII. 

,  ’  « 

Duodecimal  Arithmetic  performed  by 

Logarithms. 

I.  O  I N  CE  this  kind  of  Arithmetic  is  fo  very  corn* 
WQffj  and  yet  in  the  common  Way  fo  very  dif¬ 
ficult  5  I  hope  ’twill  not  be  unacceptable  to  the  young 
Artificer  to  be  convinced  with  how  much  more  Eafe 
and  Pleafure  he  may  compute  his  Dimenfions  in  this 
Way  by  the  help  of  Logarithms.  And  as  it  is  pro¬ 
per  to  reduce  them  hrft  to  Decimals ,  1  have  here  fub- 

X  joined 
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joined  a  Table  fhewing  by  Infpedtion  the  Decimal 
Parts  of  a  Foot  (in  this  Cafe  the  Integer )  anfwering 
to  any  Number  of  Primes ,  Seconds ,  and  Thirds  $ 
which  are  the  Parts  or  Divifions  of  a  Foot  made  ufe 
of  in  this  kind  of  Menfuration. 

% 

2.  The  Duodecimal  Table. 


Duode- 

Decimal  Parts. 

cirnals. 

Primes  7 

Seconds77 

Thirds777 

1 

>083333 

,006944 

,000578 

2 

,1^6666 

,013^88 

,001 1 57 

3 

,25 

,020833 

,001736 

4 

>^33333 

,02/^777 

,002314 

5 

,41^666 

>0347^2 

,002893 

6 

>5 

,041666 

,003472 

7 

>583’333 

,04861 I 

,00405 1 

8 

,666666 

>055555 

,004629 

9 

>75 

,0625 

,005208 

10 

>83'3333 

,069444 

,005787 

1 1 

,916666 

,0763^8 

,006365 

3.  The  foregoing  Table  is  too  eafy  to  need  De- 
fcription,  I  mean  for  any  Perfon  concern’d  in  Duo¬ 
decimal  Menfuration  •,  and  therefore  I  fhall  proceed 
to  exemplify  and  illuftrate  the  Operations  this  Way 
by  Logarithms  in  all  the  Rules  of  Multiplication , 
Divifion ,  Involution ,  and  Extradiion  of  Roots. 

4.  Muliplication  ^/Duodecimals  by  Log  a  - 

RITHMS. 

Examp.  I.  Suppofe  a  Plane  be  f  io7  in  Length,  and 
8f  8 7  in  Breadth  \  Quaere  the  Content  or  Area  ? 

ArM5the  L°g-  *  *  9f-  1  o'. =9. 8^33=0. 992 704 

i  the  Log.  of  .  .  8f.  8'.=8. 6666=0. 937849 

The  Sum  is  the  Log.  of.  .  .  .  85,^22=1.930553 
Thatis,  85,222  Feet, =85f.  2'.  877.  the  Area  required. 

Examp. 
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Examp.  II.  What  is  the  Product  of  40f.  9'.  10"  by 
ii;.  977  ? 

Addlthe  L*  °f  4°f-  91-  io7/.“40.8  194=1.610866 
itheLog.  of  ii7.  9//~o, 97916=. 9. 990854 


The  Sum  is  the  Log.  of  ...  .  39,969=1.601720 

Therefore  39,969=39^  n7.  777,  677/.  the  Produffs 
or  required. 

Examp.  III.  What  is  175  Feet  oo7.  0477.  by  87//? 


the  L.  of  1 7 5f .  o'.  4/7.=  i  75,027=2.243 107 
the  Log.  of  87//.=:;oo4629— .7.665487 


The  Sum  is  the  Log.  of .  .  ,8/111  “.9.908594 

Therefore  o,8iin=of.  97.  87/.  9//7  =  the  Area 
fought. 


Examp.  IV.  What  is  i7f.  9.  277.  6/7/  by  6rP 

a  3  1 1  the  I , .  of  1 7f .  9b  2 7/.  67/7=  17,76736=1.247417 
c  the  Log.  of  .  .  .  .  6  =  0.778151 

The  Sum  is  the  Log.  of  .  .  106,60416  =  2.025568 
Thus  106.60416=106'.  77  3/  the  Area  fought. 

Examp.  V.  What  Number  of  fclid  Feet  is  in  a  Cellar 
2  if  27.  long,  iif.  107.  87/.  broad,  and  jf.  3'. 
deep  ? 

r  the  Log.  of.  .  2  if  2=2 1 ,1666—1.325659 

Add] the  Log.  of  iif  107.  87/=i  1,888=1.074109 
^theLog.  of  7f>  37.  =7,25—0.860338 

The  Sum  is  the  Log.  of  .  .  .  1820,19—3.260106 

-  Therefore  1820,19— 18 20f.  27.  377,  4///>  the  Solidity 
required® 

X  2  5' 
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5.  Division  0/ Duodecimals  Logarithms. 

Examp.  I.  What  is  85*;  2'.  8".  divide  by  8f.  8 7  ? 

^ he  Log.  of .  .  .  .  85^  27.  87/.=85, 3(2=1. 930553 
Subdud:  the  Log.  of  8^.  8 7  =8,^66= 0.937849 

The  DifF.  is  the  Log.  of .  .  .  9. 8^3 3=0.992704 

So  that  9. 8^3 3=9 f.  io7,  the  Anfwer. 

Examp.  II.  What  is  9'.  87/.  9" 7 .  divided  by  877/  ? 

From  the  Log.  of  9'.  877.  9/77=o.8/ii  i=.9.9q8594 
Subftradt  the  Log.  of  8//7=, 004629=. 7. 66548 7 

The  DifF.  is  the  Log.  of .  .  .  175, 027=2. 243107 
Therefore  the  Anfwer  is  175,02^=175/.  o'.  477. 

Examp.  III.  Divide  39*.  ji7.  777.  6/7/.  by  40f.  9'.  io77. 

^Log.of  •  39f>  ”/-  7*  6W=39-9687=1-6 °i720 
Subd.  the  Log.  of  40^.  9'.  io77=40. 8 194=1.610866 

The  DifF.  is  the  Log. .  .  of  0,979  i6=.9» 990854 
But  ,97916=1  17.  977.  the  Quotient  required. 

Examp.  IV.  Divide  io6f.  7'.  377.  by  6. 

From  the  L,  of  106^.  yf,  3/y .=106, 6041 0=2. 205 568 
Subftrad  the  Log.  of  6=0. 8  7 8 1 5 1 

The  DifF.  is  the  Log.  of  17,76736=1.247417 

Thus  17,76736=17^  9'.  2*.  6/7/.  the  Quotient 
fought. 


6. 
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6.  I  nvolution  0/ Duodecimals  ^Loga¬ 
rithms. 

Examp.  I.  What  is  the  Area  of  that  Square  whofe 
Side  is  i2f.  9'.  y".  io^? 

The  Log.  of  12*  9'  y".  io///.=i2. 80439=1. 107359 
Multiply  by  .  .  .  2 

The  Product  is  the  Log.  of  163.9524=2.214718 

Therefore  163.9524=163^.  n'.  5/;.  i/7/.  the 
required. 

Examp.  II.  What  is  the  Solidity  of  a  Cube  whofe 
Side  is  if.  21.  9".  1 1 ? 

The  Log.  of  if.  27.  97/.  t  i/;/.=i ,2 3553=0.09 1854 
which  multiply  by  .  .  .  3 

The  Product  is  the  Log.  of  1,8774=0.273562 

Therefore  1, 8774=1^  io'.  6".  4."'.  the  Solidity 
fought. 

j.  Extraction  0/Roots  /’Duodecimals 

by  Logarithms. 

Examp.  I.  What  is  the  Side  of  that  Square  whofe 
Area  is  163L  11L  5//.  i7//? 

The  L.  of  163.  u'.  5/;.  i///.=i63.9524=2.2I47i8 
Divide  by  .  .  .  2 

The  Quotient  is  the  Log.  of  12.80439=1.107359 
I  Thus  1 2,80439=1 2f.  9'.  7//.  io/;/.  the  Side  fought. 

Examp.  II.  What  is  the  Side  of  that  Cube,  whofe 
Solidity  is  if.  io'.  &1.  4111  ? 


The 
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The  Log.  of  1.  io7.  6 " .  477/.=i. 8774=0.273562 
Divide  by  ...  .  3 

The  Quotient  is  the  Log.  of  1.23553=0.091854 

But  1, 2 3 55 3= i f.  2'.  97/.  n777.  the  of  the  Cube 
required. 

Thele  few  Examples  abundantly  fhew  with  how 
much  more  Eafe,  Brevity  and  Expedition  the  Opera¬ 
tions  of  Duodecimals  are  performed  by  Logarithms , 
than  by  the  ordinary  Method . 


CHAP.  IX. 

The  Operation  of  the  common  Rules  of  A- 
rithmetic  by  Instruments  ;  viz.  the 
Logarithmic  Scale  ;  and  Guntert 
Line,  with  the  Compasses,  and  on  the 
Sliding-Rule. 


‘Aving  in. the  "Theory  fhewn  the  Nature  and 
Conjlrutlion  of  the  Logarithmic  Scale ,  and 
Gunter's  Line ;  I  fhall  here  briefly  exemplify  their 
Ufes  in  the  Operation  of  the  common  Rules  of  A- 
rithmetic  thereby  ;  and  in  doing  of  this  I  fhall  ob- 
ferve  this  Method  ;  firft,  to  give  the  Operation  by 
Logarithms  in  Numbers .  Secondly,  to  perform  the 
fame  by  the  Logarithmic  Scale .  Thirdly,  to  work 
the  fame  Cafe  on  the  Gunter  with  the  Compares  ;  and 
fourthly,  to  do  the  fame  thing  on  the  Sliding-  Gunter . 
In  this  Method,  the  Analogy  ox  Agreement  between 
the  Numerical  and  Inftrumental  Operations  will  more 
eahly  appear;  and  the  Nature  and  Reafon  of  the 
latter  be  much  better  underftood  by  young  Learners . 
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2*  Multi  plication. 

Examp.  I.  Multiply  9  by  7. 

Firft,  by  Logarithms. 

A  ,  ,  C  the  Logarithm  of .  9=0.954242 

t  the  Logarithm  of .  7=0.845098 

.  The  Sum  is  the  Log.  of  the  Prod.  =63=1.799340 

3.  Secondly,  by  the  Logarithmic  Scale. 

( Note .  If  the  fmalleft  Divifions  in  the  Line  AB 
reprefent  Numbers ,  the  Logarithms  begin  from  Ce 
in  the  Line  Ae  ;  if  the  middle  Divifions  in  A  B  be 
Numbers,  the  Logarithms  begin  from  G  *,  but  if  the 
largeft  Divifions  in  AB  be  taken  for  Numbers,  then 
the  Logarithms  begin  from  H,  in  the  faid  Line  A  e* 
And  fince  the  fmalleft  'Divifions  are  too  finally  and  the 
largeft  Divifions  too  large  for  Examples,  we  muft 
confequently  chufe  the  mean  Divifions  in  AB  to  re* 
prefent  the  Numbers  1,  2,  3,  4,  £57 V.  or  10,  20,  30, 
40,  &c.  or  100,  200,  300,  &c.  and  fo  the  Loga¬ 
rithms  begin  from  G.  Therefore)  Set  one  Foot  of 
the  Compafles  in  G,  and  extend  the  other  to  the 
Logarithm  of  the  Multiplier  7=ag,  which  you’ll 
find  to  be  Ga=845,  and  fince  G  6=954  is  the  Lo¬ 
garithm  of  the  Multiplicand  9=bh  ;  therefore  with 
the  fame  Extent  G  a  in  the  Compafles,  fet  one  Foot 
in  b,  the  other  will  fall  on  d  ;  therefore  Gd  is  the 
Logarithm  of  the  Product  dm=63  in  A  B,  the  Num¬ 
ber  fought. 

4.  Thirdly,  by  the  Gunter  with  Compafles. 

Set  one  Foot  of  the  Compafles  in  the  Beginning  of 
the  Line  at  1,  and  extend  the  other  to  7  ;  with  that 
Extent  in  the  Compafles  fet  one  Foot  in  9,  the  other 
will  fall  on  63,  the  Product  required. 


Note, 
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Note.  When  the  Numbers  are  [mail  the  larger  Bi- 
vijions  may  be  ufed,  as  in  the  prefent  Cafe  ;  but  if 
the  Numbers  be  large ,  the  lejfer  Bivifions  muft  b£ 
ufed. 

5.  Fourthly,  by  the  Sliding-Gunter . 

In  this  Cafe,  there  is  one  Line  of  Numbers  on  the 
Rule ,  and  another  on  the  Slider ,  both  mark’d  with 
N,  at  the  End.  And  it  is  eafy  to  conceive  that  by 
Hiding  one  of  thefe  by  the  other,  the  fame  Effedts  are 
produced  as  before  with  the  Compafies  ;  that  is,  any 
Part  of  the  Line  on  the  Rule  is  transfer’d  to,  or  com¬ 
par’d  with  any  other  Part  of  the  faid  Line  by  means 
of  the  Hiding  Line. 

Therefore  fet  1  on  the  Slider  to  7  in  the  Line  on 
the  Rule  ;  then  againft  9  on  the  Slider,  you  find  63 
on  the  Rule,  and  that  is  the  Produdl  fought. 

•  .  t 

6.  Examp.  II.  By  the  Gunter .  What  is  the  Product 

of  2  7  by  18? 

Here  the  lefler  Divifions  muft  be  ufed,  and  the 
greater  ones  reckoned  10,  20,  30,  &c.  on  the  firjl 
Radius  ;  and  confequently  on  the  fecond  Radius  they 
will  be  100,  200,  300,  &c.  if  the  double  Radius  be 
ufed.  For  then  it  will  be  10  :  180  ::  27 :  the  Produdfc 
fought.  But  fince  10  :  180  ::  1  :  18 ;  therefore  if  you 
make  1  : 18  ::  27  :  the  Product  •,  the  Jingle  Radius 
will  give  the  Anfwer  in  the  fame  manner  ;  only  re- 
membring  that  the  fourth  Number  fought  will  be  of 
the  fame  Denomination  with  the  fecond ,  which  in  this 
Cafe  is  Hundreds. 

Therefore  fet  one  Foot  of  the  Compares  in  the  Be¬ 
ginning  of  the  Line,  and  extend  the  other  to  18,  the 
fame  Extent  will  reach  from  27  to  486,  the  Product 
fought. 

And  by  thz  Sliding- Rule ,  thus;  fet  1  on  the  Slider 
to  18  on  the  Rule,  and  then  againft  27  on  the  Slider 

you 
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you  ffrid  486  on  the  Rule,  which  is  the  fame  Produdt 
as  before. 

7.  Examp.  III.  What  is  the  Product  of  2  57  by  ^4  ? 

Take  in  your  Compares  theDiftance  from  x  to  34 
on  the  Line  of  Numbers,  the  fame  Extent  will  reach 
from  257  to  8738,  the  Product  required. 

By  the  Sliding- Rule,  thus  ;  Set  1  on  the  Slider  to 
34  on  the  Rule,  and  again!!  257  on  the  Slider,  you 
fee  8738  on  the  Rule3  which  is  the  Produd!  &s 
before, 

8.  Examp.  IV.  What  is  the  Produd!  of  2x5  by 

108  ? 

With  the  CompaiTes,  take  the  Diftanee  from  1  to 
108  on  the  Gunter ,  the  fame  Extent  of  the  Com¬ 
pares  will  reach  from  215  to  23220,  the  Produdt  re¬ 
quired. 

By  the  Sliding  Rule,  thus  *,  Set  1  on  th&  Slider  ta 
108  on  the  Rule,  and  again!!  215  on  the  Slider  you 
find  23220  on  the  Rule,  the  Produdt  fought. 

9.  When  the  Produdt  becomes  fo  large,  it  muft 
be  a  very  large  Line  of  Numbers  indeed  to  fhew  it 
i  near  the  Truth  ♦,  the  Ufe  of  thefe  Lines  being  prin¬ 
cipally  where  the  Numbers  are  ftnall ;  or  where  great 
Exadtnefs  is  not  required.  They  who  underftand 
the  foregoing  Dodtrine  of  Logarithms  can  never  be 
at  any  lofs  to  know  how  many  Places  of  Figures  are 
contained  in  the  Number  fought,  in  this,  or  any  of 
the  following  Rules. 

10.  Division, 

Examp,  I,  What  is  the  Quotient  of  63  divided  by  9  ? 

Fin!, .  by  Logarithms* 

¥ 


From 
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From  the  Logarithm  of  ...  6  3  ==1.7993  40 

Subdud  the  Logarithm  of  .  .  .  9=0.954242 

TheDiff.  is  the  Log.  of  theQuot.  =7=0.845098 

It.  Secondly,  by  the  Logarithmic  Scale. 

From  Gd=i799  the  Logarithm  of  dm=63,  take 
Gb=954  the  Logarithm  of  bh=9  ;  and  there  will 
remain  Ga=845,  the  Logarithm  of  a  g=7,  the 
Quotient  fought. 

12.  Thirdly, •  by  Gunter9 s  Line  and  Compafles. 

Set  one  Foot  of  the  Compafles  in  1,  and  extend 
the  other  to  9,  and  then  with  that  Extent  of  the 
Compafles  fet  one  Foot  in  63,  the  other  will  fall  (to¬ 
wards  the  beginning  of  the  Line)  on  7,  the  Quotient 
fought. 

13.  Fourthly,  by  the  Sliding-Rule. 

Becaufe  9  :  63  ::  1 :  the  Quotient  ;  therefore  fet  9 
On  the  Slider  to  63  on  the  Rule,  and  then  again  ft  1 
on  the  Slider  is  7  on  the  Rule,  which  is  the  Quotient 
fought. 

14.  Examp.  II.  What  is  486  divided  by  18  ? 

By  the  Gunter  and  Compafles. 

Extend  the  Compafles  from  1  to  18,  that  Extent:1 
will  reach  from  486  (downward)  to  2  7,  the  Quotient: 
required. 

By  the  Sliding-Rule. 

Set  18  on  the  Slider  to  486  on  the  Rule,  then  a- 
gainft  1  on  the  Slider  you  find  27  on  the  Rule,  the: 
Quotient  fought. 

All  other  Operations  of  Divifion  being  performed 
in  the  very  fame  manner,  5tis  needJefs  to  add  any 
more  Examples  of  this  kind, 

x5Ho 
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Examp 

Firft,  by  Logarithms. 

The  Logarithm  of .  .  ? 

Multiply  by  the  Index  .  . , 


Involution. 

0 

.  I.  What  is  the  Square  of  9  ? 


9=0.95424^ 

2 


The  Prod,  is  the  Log.  of  the  Square  =81=1,908484 


16.  Secondly,  by  the  Logarithmic  Scale. 

Let  the  Logarithms  begin  from  G  in  the  Line 
A  e,  as  before  *,  then  with  the  Compares  take  the 
pittance  gb=954  the  Logarithm  ofbh=9;  and 
with  one  Foot  remaining  in  b,  turn  the  CompafTes, 
the  other  Foot  will  fall  on  n  ;  then  fhall  G  n== 
(2Gb=^)i9o8  the  Logarithm  of  n  0=81,  which 
i  therefore  is  the  fquare  Number  fought. 


;  47.  Thirdly,  by  the  Gunter  and  Com pafles. 

Set  one  Foot  in  1,  and  extend  the  other  to  9,  where 
keep  it  fix’d,  and  turn  the  CompafTes,  the  other 
Foot  will  fall  on  81,  the  Square  fought. 

|  |8.  Fourthly,  by  the  Sliding-Rule. 

Becaufe  1  :  9 ::  9  :  the  Square  required,  therefore 
fet  1  on  the  Slider  to  9  on  the  Rule,  then  againft  9 
on  the  Slider  is  8j  on  the  Rule  \  which  is  the  fquare 
Number  fought* 


1  19*  Examp.  II.  What  is  the  Cube  of  9  ? 

By  the  Gunter  and  CompafTes. 

Extend  the  CompafTes  from  1  to  9,  that  Extent 
;  will  reach  from  9  to  81,  and  again  from  81  to  729* 
1  the  Cube  Number  required. 


j64-  Common  Rules  of  Arithmetic 


By  the  Sliding-Rule. 

Set  i  on  the  Slider  to  9  on  the  Rule,  then  again!! 
9  on  the  Slider  is  8 1  on  the  Rule,  and  againft  8 1  on 
the  Slider  (remaining  unmov’d)  is  729  on  the  Rule, 
the  Cube  Number  required. 


20.  Examp.  III.  What  is  the  Square  and  Cube  of 
the  Number  37  ? 

By  the  Gunter  and  Compares. 

Extend  the  Compafies  from  1  to  37,  that  Extent 
will  reach  from  37  to  1369  th ^Square  \  and  the  fame 
Extent  will  reach  from  1369  to  50653  the  Cube  y 
both  as  required. 


By  the  Sliding-Rule. 

Set  1  on  the  Slider  to  37  on  the  Rule,  then  againft 
37  on  the  Slider  is  1369  on  the  Rule,  which  is 
Square \  and  againft  1369  on  the  Slider  (remaining 
unmov’d)  is  50653  on  the  Rule,  which  is  Cube  of 
37  \  both  as  before. 


2i.  Extraction  of  Roots. 


Examp.  I.  What  is  the  Square  Root  of  81? 

Firft,  by  Logarithms. 

The  Logarithm  of  ...  .  81=1.908484 

which  divide  by  the  Index  ....  2 


The  Quotient  the  Log. 
of  the  Square  Root 


=9=0.954242, 


22.  Secondly,  by  the  Logarithmic  Scale. 

Bifed  Gn=i9o8  the  Logarithm  of  no=8i,  in  b 
then  fhall  Gb=954  be  the  Logarithm  of  the  Square  1 
Roof  viz.  bh=9,  the  Number  fought. 
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23.  Thirdly,  by  the  Gunter  and  Compafles. 

Take  with  the  Compafles  the  pittance  between  1 
and  8j,  and  bifedt  it;  then  take  one  Half  in  the 
Compafles,  and  \t  will  reach  from  1  to  9,  th z  fquare 
Root  fought. 

24.  Fourthly,  by  the  Sliding-Rulc. 

Move  the  Slider  forwards  and  backwards  till  you 
make  the  fame  Number  on  the  Rule  anfwer  1  on  the 
Slider,  as  on  the  Slider  anfwers  8 1  on  the  Rule ; 
which  Number  will  be  th e  fquare  Root  fought,  and 
in  the  prefent  Cafe  will  be  found  9. 

25.  Examp.  II.  What  is  the  Cube  Root  of  50653  ? 

Divide  the  Diftance  between  1  and  50653  into  3 
equal  Parts  ;  the  firft  Diviflon  will  fall  on  37,  the 
Cube  Root  required. 

Note,  In  the  double  Line  of  Numbers,  if  the 
grand  Diviflons  be  efteem’d  Units  in  the  firft  Radius, 
thofe  in  the  fecond  Radius  will  be  Tens  ;  if  thofe  in 
the  firft  be  Tens,  viz.  10,  20,  30,  &c.  thofe  of  the 
fecond  will  b  zThoufands,  as  1000,  2000,  3000,  &c* 
with  regard  to  fquare  Numbers :  and  confequently  in 
Extraction  •,  if  the  Number  whofe  fquare  Root  is 
fought  be  lefs  than  100,  yet  greater  than  10,  the 
Number  it  felf  will  be  found  on  the  fecond  Radius  ; 
and  its  Root  a  Number  of  Units  on  the  firft  Radius . 
But  if  the  Square  be  lefs  than  io,  both  it  felf  and 
Root  will  be  found  in  the  firft  Radius .  Again,  if 
the  fquare  Number  be  between  1000  and  10000,  the 
Number  it  felf  will  be  found  on  the  fecond  Radius , 
and  its  Root  a  Number  of  Tens  on  the  firft  Radius. 
But  if  it  be  between  100  and  1000,  both  the  Num¬ 
ber  and  its  Root  of  Tens  will  be  found  on  the  firft 
Radius .  After  the  fame  manner  you  may  reafon 
concerning  the  Cube  Number  and  its  Root . 
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2  6.  Since  the  Logarithm  of  the  Square  is  double 
the  Logarithm  of  the  Root ;  and  the  Logarithm  of 
the  Cube  triple  the  Logarithm  of  the  Root :  therefore 
if  a  Line  of  Numbers  of  a  Jingle  Radius ,  be  equal  to 
another  of  a  double  Radius ,  and  thefe  two  appofitely 
laid  together,  beginning  from  the  fame  Point ;  then 
againd  any  Number  on  the  fingle  Radius ,  you  fee  its 
correfpondent  Square  on  the  double  Radius  t  and  fuch 
Lines  you  have  on  fome  Sliding- Rides, 

Alfo  if  a  Line  of  Jingle  Radius  were  made  equal  to 
another  of  a  triple  Radius ,  and  thefe  exactly  and 
properly  placed  together,  then  the  Numbers  on  the 
latter  would  be  the  Cubes  of  thofe  on  the  former ; 
and  fo  the  Square  and  Cube  Roots  of  any  Number  ; 
and  vice  verfd ,  would  be  difcoverable  by  Infpeffion . 

27.  Moreover  by  means  of  a  fingle  and  double  Line 
of  Plumbers  made  to  Aide  by  each  other,  ’tis  very 
eafy  to  find  a  mean  Proportional  between  any  two, 
given  Numbers  ;  as  fuppofe  13  and  23.  Thus ;  fet 
1 3  on  the  double  Line  to  1 3  on  the  fingle  one ,  then, 
againd  23  on  the  double  Line  is  17,35  on  the  fingle 
one,  which  is  the  Mean  required  between  1  3  and  23. 
Or  if  you  fet  23  to  23,  then  againfl  13,  on  the  double 
you  find  17.35  on  the  fingle  Line ,  the  Mean  required 
as  before. 

28.  In  like  manner,  by  means  of  fingle  and  a  triple 
Line  of  Numbers,  two  mean  Proportionals  may  be 
eafily  found  between  any  two  Numbers,  as  2  and 
54  •,  thus  ;  fet  2  on  one  Line  to  2  on  the  other,  then 
againfl  54  on  the  triple  Line  is  6  on  the  fingle  one, 
which  is  the  firjt  Mean  \  then  fet  2  on  the  triple 
Line  to  6  on  the  Jingle  one,  and  againfl  54  is  18,  the 
fecond  Mean,  on  the  fingle  Line  ;  lo  the  four  Num¬ 
bers  are  2  :  6::  18  :  54.  And  thus  you  may  find 
two  Means  between  any  other  two  Numbers,  which 
in  many  Cafes  is  a  mod  ufeful  Problem. 

29.  In  the  foregoing  Operations  I  have  made  no 
mention  of  Decimals s  becaufe  they  are  to  be  refpe&ed 

3s 
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as  Whole  Numbers  in  the  Management  of  them  by 
Infirumental  Operations ,  in  the  fame  manner  as  they 
were  by  Numerical  Logarithms ;  the  Number  of  de¬ 
cimal  Places  in  any  Produff^  Quotient ,  Power ,  Rooty 
&c.  being  always  determined  here,  as  in  all  other 
Methods  of  working  them,  by  the  Rules  proper  to 
Decimal  Arithmetic . 

30.  Thus  it  appears  what  Similarity ,  Coherence , 
and  mutual  Relation  there  is  between  the  foregoing 
Methods  of  folving  Arithmetical  Queftions  by  Loga¬ 
rithms,  both  Numerical  and  Inftrumental ;  and  that 
they  are  all  one  in  Nature,  and  differ  only  in  the 
Modus  operandi ,  or  Manner  and  Form  of  working. 
By  this  Chapter,  I  prefume,  ’twill  be  eafy  for  the 
Learner  to  obferve  how  any  common  Queftion  in 
Arithmetic ,  or  the  Menfuration  of  Artificers  Work, 
as  Joinery ,  Mafonry ,  Carpentry ,  Painting ,  'Timber - 
Meafitre ,  Gauging ,  &c.  may  be  mod:  readily  per¬ 
formed  by  the  Lztz?  of  Numbers ,  with  Compaffes,  or 
by  the  Sliding-  Rule ,  which  is  much  the  bell  Way. 


CHAP.  X. 

Sheweth  the  Analogies  cr  Proportions yjr 
the  Solution  of  all  the  Cases  c/’Plain 
Spherical  Triangles,  both  Right  Ob¬ 
lique  angled . 

I.1F  any  defire  to  be  throughly  inftru&ed  'in  the 
Theory  of  Plain  and  Spherical  Trigonometry^  l 
muft  refer  them  to  my  Young  TrigonometePs  Guide  ; 
fince  all  I  intend  here  is  only  to  (hew  the  great  and 
moft  excellent  Ufe  of  Logarithms  in  the  practical  Re- 
folution  of  Plain  and  Spherical  Triangles ,  A  Sy~ 

Jiopfis 
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.  *  * 

nopfis  of  all  the  Cafes  of  a  Right-angled  plain 
angle  here  follows. 
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2.  A  Synopfis  of  the  Analogies  for  the  Solution  of 
all  the  Cafes  of  Oblique-angled  plain  Triangles. 
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%.  A  Synopfis  of  the  Canons,  and  the  Analogies  (form’d  from  them 
for  the  Solution  of  all  the  Cafes  of  Right-angled  Spherical  1  riangles. 
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5.  Being  thus  furnifhed  with  Proportions,  we 
fhall  foon  fee  with  what  incomparable  Pleafure  and 
Eafe  the  feveral  Cafes  of  T riangles  before  going  are 
refolved  by  the  Canon  of  Logarithmical  Sines,  Tan¬ 
gents,  and  Secants  *,  and  alfo  by  the  Line  of  Numbers,  ., 
both  with  the  Compajfes  and  by  the  Sliding-Rule  ;  I 
fay,  we  fhall  fee  in  the  two  next  Chapters,  with, 
how  much  more  Eafe  and  Pleafure  they  are  re¬ 
folved  by  thefe  two  Methods ,  above  what  is  attain¬ 
able  by  any  other  Way  yet  invented  for  this  Pur- 
pofe. 


CHAI 
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CHAP.  XL 

^Solution  c/Plain  Triangles  hy  the 
Canon  o/Logarithmical  Sines  and 
Tangents  ;  by  Gunter’s  Scale  and 
Compasses' 5  and  by  the  Sliding  Rule. 

1.  T  Have  already  defcribed  and  taught  the  Ufe  of 
Jb  the  Logarithmic  Canon,  fo  far  as  to  find  the 

Logarithms  of  any  Number ,  Sine,  ‘Tangent ,  or  Secant 
propofed.  I  fhall  therefore  here  only  obferve,  that 
what  I  call  Gunter's  Scale  is  fuch  a  Plane  Scale  as  hath 
upon  it  Gunter* s  Line  of  Numbers ,  and  of  Artificial 
Sines  and  Tangents  \  whofe  Nature,  Conftru&ion, 
and  Defgn,  have  been  before  difcourfed  of  in  the 
Theory.  The  Sliding-Rule  has  the  fame  Lines, 
which  are  contrived  to  fide  by  one  another  as  you 
pleafe  ;  and  to  avoid  Repetitions,  I  fhall  call  the 
Line  of  Numbers  on  the  Rule  it  felf,  A  ;  and  that 
on  the  Slider,  B  ;  alfo  I  fhall  call  the  Lines  of  Sines 
and  Tangents  on  the  Rule  Sr,  Tr  ;  and  thofe  on  the 
Slider  Ss,  and  Ts.  You  muft  know  alfo  that  the 
End  of  each  Line  marked  10,  90,  45,  is  here  called 
Radius.  Having  premifed  thefe  things,  we  proceed 
immediately  to  the  Solution  of 

2.  Right-angled  Plain  Triangles . 

Cafe  I.  In  the  Right-angled  Triangle  ABC,  there  is 
given  the  Bafe  A 13—285,  and  the  Angle  at 
Bafe  B— 320  48 x  ;  to  find  the  Perpendicular 
AC,  and  the  Hypothenufe  BC.  The  Hy- 
path.  Radius,  Fig.  I. 

The  Analogy  for  AC  is,  sC  :  AB ::  sB  ;  AC. 

In 
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In  Words  ; 

As  the  Sine  of  the  Angle  0=57°  12 '=9. 9 245 7 2 

is  to  the  given  Side  or  Bafe  AB— 2  85=2.454845  7  jj 
So  is  the  Sine  of  the  Ang.  B=320  48/=9. 733765  )  a 

12.188610 


To  the  Perpendicular  ACz=  183,67=2.264038 

The  Analogy  for  BC  is,  sB  :  AC  ::  R  :  BC. 

In  Words  ; 

As  the  Sine  of  .  .  .  B— 320  48=9. 733765 

is  to  the  Perpendicular  AC=i 83,67=2.264038 
So  is  Radius  ....  90°  oq7=  10.000000 

to  the  Hypothenufe.  .  .  BC=3  39,06=2.530273 

3.  By  Scale  and  Compares.  Bo  find  AC. 

Set  one  Foot  of  the  Compares  to  320  4$/=B,  in 
Line  of  Sines,  and  extend  the  other  upwards  to 
570  i27=C;  the  fame  Extent  will  reach  from  285 
=AB  downwards  in  the  Line  of  Numbers  to  183,67 
=AC,  the  Perpendicular  fought. 

To  find  BC. 

Extend  the  Compafles  from  320  487=B  to  Radius 
90°  in  the  Line  of  Sines  ;  the  fame  Extent  will  reach 
(in  the  Line  of  Numbers)  from  i83,67=AC,  to 
339,06— BC,  the  Hypothenufe  fought. 

4.  By  the  Sliding-  Rule .  Bo  find  AC. 

Make  the  Line  of  Numbers  Aide  by  the  Line  of 
Numbers,  then  will  the  Lines  of  Sines  Aide  by  each 
other,  and  alfo  the  Line  of  Tangents  by  the  Line  of 
Tangents.  Having  thus  prepared  the  Rule  5  fet 

57° 
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570  12'  on  Ss  to  320  48'  on  Sr  ;  then  againd  285 
on  B  is  183,67  on  A,  the  Perpendicular  fought. 

To  find  BC. 

Set  320  48'  on  Ss  to  Radius  90°  on  Sr,  then  a- 
gainfi:  183,67  on  B  is  339,0 6  on  A,  which  is  the 
Hypothenufe  required. 

5.  Cafe  II.  Given  the  Angles  B— 320  48',  and 
C=57°  1 2X,  and  the  Side  AC=i8 3,67  *,  to 
find  AB,  and  BC. 

The  Bafe  made  Radius.  Fig.  II. 

As  the  Tangent  of  the  Ang,  B=32°  48'— 9.809x93 
is  to  the  Side  ....  AC=i  83,67=2.26403$ 
So  is  Radius  ....  90°  oo'=  10.000000 

to  the  Side  or  Bafe  .  .  ,  AB=2  85=2. 454845 

To  find  BC. 

As  Radius  ....  90°  00'=  10. 

is  to  the  Side  ....  AB=28 5==  2.454845 

So  is  theSecantof  the  AngleB^z:320  48/=io.075428 

to  the  Side  or  Hypoth.  BC=339,o6=  2.530273 

I  have  wrought  this  lad  in  Secants  for  Variety 
fake,  and  that  the  Reader  may  fee  the  Conciu- 
fionsare  the  fame  every  Way.  But  this  Cafe  is 
much  better  refolved  by  making  BC  Radius,  as 
in  Fig.  I. 

6.  By  the  Plane  Scale  and  Compares. 

As  there  is  no  Line  of  Artificial  Secants  on  the 
Scale  or  Sliding-Rule  (as  being  ufelefs)  fo  this  Cafe 
will  be  bed  performed  Inftrumentally  by  the  Analogies 
of  Fig.  I.  where  BC  is  made  Radius. 

Therefore 


176  Solution  of  Plain  Triangles." 

Therefore,  extend  the  Compares  from  320  48'  to 
570  121  in  the  Line  of  Sines,  the  fame  Extent  will 
reach  from  183,76  to  285  in  the  Line  of  Numbers  , 
thus  2  85=AB,  the  Side  required. 

Or  thus,  By  the  firfi:  Analogy  of  this  Cafe  of 
Fig.  II.  extend  the  Compares  from  320  48 1  to  Ra¬ 
dius  45  in  the  Line  of  Tangents,  the  fame  will  reach 
from  183,67  to  285  =AB  (as  before)  in  the  Line  of 
Numbers. 

To  find  BC. 

Extend  the  Compafies  from  320  48'  to  Radius  90 
in  the  Line  of  Sines,  the  fame  will  reach  from  183,67 
to  339,o6=BC,  in  the  Line  of  Numbers. 

7.  By  the  Sliding-Rule . 

To  find  AB. 

Set  32°  48*'  on  Ts  to  Radius  450  on  Tr  *,  then  a- 
gainfi:  183,67  on  B  is  285=i\B,  on  A. 

To  find  BC. 

Set  32°  4§y  on  Ss  to  Radius  90°  on  Sr  ;  then  a- 
gainft  1 83,67  on  B  is  339,o6=BC,  on  A. 

S,  Cafe  III.  Given  the  Angles  B—320  48'  and  C= 
570  i2;,  and  the  HypothenufeBC=3 39,06  s 
to  find  the  Sides  AB  and  AC. 

The  Elypothenufe  made  Radius.  Fig.  I. 

As  Radius  ....  90°  oo;.=io. 

is  to  the  Hypothenufe  BC=339, 06=2. 530273 
So  is  the  Sine  of  the  Angle  C=57°  12  —9.924572 

To  the  Side  or  Bafe  .  .  .  .  AB=2  85=2.454845 
And  fois  the  Sine  of  the  Ang.  B— 320  48=9.7  33765 


to  the  Side  .  *  .  , 


A  C=i  83,67=2.264038 

Or 
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Or  thus  \  AB  made  Radius,  Fig.  II.  To  find  AC. 

As  Radius  ....  90°  00=10. 

is  to  the  Side  ....  AB=285=2. 454845 

So  is  the  Tangent  of ...  .  B=32°  48/=9.8o9i93 

to  the  Side  ....  AC=i  83,67=2.264038 

9.  By  the  Scale  and  Compares. 

Extend  the  Compares  from  Radius  90  to  570  12' 
in  the  Line  of  Sines,  the  fame  Extent  will  reach  from 
339,06  to  285=AB,  in  the  Line  of  Numbers. 

And  then  again,  extend  them  from  90  to  32  °4S' 
in  the  Line  of  Sines,  the  fame  will  reach  from  339,06 
to  i83,67=AC,  in  the  Line  of  Numbers. 

10.  By  the  Sliding- Rule. 

This  Cafe  may  be  folved  by  once  fetting  the  Rule, 
thus  ;  Make  the  Line  of  Sines  to  Hide  by  the  Line 
of  Numbers:  Then  fet  Radius  90  on  Ss  to  339,06 
on  A  ;  thus  againfl:  570  I2;  on  Ss  you  fee  2  85=AB, 
and  againfi:  320  48'  is  i83,67=AC,  on  A.  Such  is 
the  great  Conveniency  of  this  fmall  Inftrument. 

1 1.  Cafe  IV.  Given  the  two  Sides,  AB=285  and 

AC=i 83,67  ;  to  find  the  Side  BC,  and  the 
Angles  B  and  C. 

The  Bale  made  Radius,  Fig.  II.  To  find  B. 

As  the  Side  ....  AB=28 5=2 .454845 

is  to  Radius  ......  10. 

So  is  the  Side  ......  AC=i 83,67=2.264038 


To  the  Tangent  of  the  Angle  B=  32°48/=9. 809193 

Or  thus,  making  AC  Radius,  Fig.  III.  To  find  C. 

A  a  As 
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As  the  Side . 

is  to  Radius . 

So  is  the  Side . 


AC=i  83,67=2,264038 
10. 

AB=2  85=2.454845 


To  the  Tang,  of  the  Angle  C=57°48/=:xo.  190707 

1 2 .  To  find  the  Side  BC. 

This  may  be  done  diredtly  with  the  Secants,  or  by 
finding  the  Angles  firfi:,  with  the  Sines  ;  as  is  mani- 
feft  from  the  Synopfi  s.  But  f  nee  if  the  required  Side 
BC  be  made  Radius,  it  can’t  be  found  by  the  com- 
mon  Analogies  of  'Trigonometry  ;  1  have  given  an 
Equation  formed  on  the  Principles  of  Geometry  for 

that  purpofe,  viz.  ^ ABq-f-ACq=BC  which  I 

fhall  refolve  by  Logarithms,  as  follows. 


The  Log.  of  the  Side 
the  Double  thereof  \ 
is  the  Log.  of  ) 


AB— 285=2.454845 
ABq=8 122  5=4.909690. 


Alfo  the  Log.  of  the  Side  AC— :i  83,67— 2.26405  8 

The  Double  of  which  }  A  ^  ^  ^ 

is  the  Log.  of  1  ACq=33734, 66=4.52 8076 

Add  the  Square  .....  ABq— S 1225 

■  ■« 

1  theSum°f }  ABq+ACq=i  14959.66=5.060546 


Half  which  is  the  Log.  of 

V  ABq-f  ACq=BC=339, 06=2, 530273 
the  Side  requited. 

15.  By  Scale  and  Compares.  To  find  the  Ang.  B. 

Extend  the  Compafies  from  285  to  183,67  in  the 
Line  of  Numbers,  the  fame  will  reach  from  Radius t 
450  to  320  48',  in  the  Line  of  Tangents,  the  Angle:: 
B  required. 
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By  the  Sliding- Rule. 

Set  285  on  A  to  183,67  on  B,  then  againft  Radius 
450  on  Tr  is  320  48'=  the  Angle  B,  on  Ts. 

Having  thus  found  the  Angles,  the  Side  BC  is 
found  as  in  the  foregoing  Cafes. 

14.  Cafe  V.  Given  the  Hypothenufe  80=339,06 
and  the  Side  AB==285  ;  to  find  the  Angles 
B  and  C,  and  the  Side  AC. 

To  find  the  Angle  C.  Fig.  I.  BC  Radius. 

As  the  Side  .....  BC=339,o6=2.530273 

is  to  Radius .  10. 

So  is  the  Side  ....  *  AB=2 85=2. 454845 

To  the  Sine  of  the  Angle  0=57°  924572 

To  find  the  Side  AC. 

As  Radius  .......  10. 

is  to  the  Side  ....  BC=339, 06=2. 530273 

So  is  the  Sine  of  the  Angle  B=32°  48/=9. 733765 

to  the  Side .  A 0=183, 671=2. 264038 

Note ,  The  Side  AC  may  be  found  Geometric  ally , 
as  taught  in  Art.  12.  the  Equation  being 

1/BCq— ABq=AC. 

1 5.  By  Scale  and  Compqffes.  To  find  the  Angle  C. 

Extend  the  Compafles  from  339,06  to  285  in  the 
Line  of  Numbers,  the  fame  will  reach  from  Radius 
90°  to  570  i2y=C,  in  the  Line  of  Sines. 

By  the  Sliding- Rule. 

Set  339,06  on  A  to  285  onB,  thenagainfl:  Radius 
3°°  on  Sr  is  57°  iz'ssC,  on  Ss. 

A  a  % 


The 


i  So  So  kit  ion  of  Plain  Triangles, 

The  Angles  being  thus  found,  the  Side  AC  may 
be  found  by  Scale  or  Sliding- Rale,  as  before. 

16.  Cafe  VI.  Given  the  Side  AC=i 83,67  and  BC 

=339,06  ^  to  find  the  Angles  B,  C,  and  the 

Side  AB. 

As  this  Cafe  is,  in  the  Nature  of  it,  the  fame  as 
the  laft,  fo  the  Solution  is  in  all  refpedts  the  fame,  and 
needs  not  be  repeated. 

17.  Of  Oblique-angled  Plain  Pri  angles. 

Cafe  I.  There  is  given  the  Angles  C=82°  30', 
B=6o°  oo1  ;  and  the  Side  AB— 365;  to 
find  the  other  two  Sides  AC  and  BC. 

Note,  The  fir  ft  Triangle  in  the  Synopfis  of  Oblique 
Plain  Triangles  is  that  which  I  have  regard  to 
here,  and  is  acute-angled  *,  the  Difference  be¬ 
tween  this  and  the  obtufe-angled  one.  Fig.  II. 
will  be  taken  notice  of  as  I  go  along. 

To  find  the  Side  AC.  Fig.  I.  Co.  Ar. 

As  the  Sine  of  the  Angle  Cz=82°  30'— 0.003 7 32 

is  to  the  Side .  AB— 3 650— 2.562293 

So  is  the  Sine  of  the  Angle  B— 6o°  oo' 1=9. 9 3 75 31 

to  the  Side  fought  ....  AC— 3 18,82— 2.503556 

# 

To  find  the  Side  BC.  Co.  Ar. 

As  the  Sine  of  the  Angle  C~82°  30'— 0.003732 
is  to  the  Side  .....  AB— 365=2.562293 

So  is  the  Sine  of  the  Angle  A=37°  307— 9.784447 

to  the  Side  required  ....  BC=224,i  1=2.350472 
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18.  By  the  Scale  and  Compajfes .  To  find  AC. 

Extend  the  Compafles  from  8  2°  301  to  6o°  in  the 
Line  of  Sines,  and  the  fame  Extent  will  reach  from 
265  to  318,82  in  the  Line  of  Numbers;  therefore 
3i8,82~AC. 

To  find  BC. 

Extend  the  Compares  from  82°  30'  to  370  30'  in 
the  Line  of  Sines,  the  fame  will  reach  from  365  to 
224,ii=BC,  in  the  Line  of  Numbers. 

19.  By  the  Sliding-Rule. 

To  find  AC. 

Set  82°  30'  on  Sr  to  6o°  oo/  on  Ss  ;  then  againft 
363  on  A,  you  have  3 18, 8 2= AC,  on  B. 

To  find  BC. 

Set  82°  30;  on  Sr  to  370  3c/  on  Ss  ;  then  againfl 
365  on  A,  you  have  224,1  i=BC,  on  B. 

But  fince  all  the  Angles  are  known,  both  the  un¬ 
known  Sides  are  found  at  once  fetting  the  Rule  thus ; 

Let  the  Line  of  Numbers  hide  by  the  Line  of  Sines  ; 
and  fet  182°  30'  on  Sr  to  365  on  B,  then  againft 
6o°  oo!  is  3 1 8,82= AC  ;  and  againft  370  301  is 
224,1 1  =BC,  on  the  Line  of  Numbers. 

20.  Cafe  II.  Given  two  Sides,  AC=3 18,82  and 

BC=2 24,11;  and  the  oppofite  Angle  A= 
370  30'' ;  to  find  the  Angle  B,  and  the  ether 
Side  AB. 

To  find  the  Angle  B.  Co.  Ar. 

As  the  Side .  RC=224,i  i=.7. 649528 

.is  to  the  Sine  of  the  Angle  A— 370  30=9.784447 
So  is  the  Side .  AC=3 18,82=2.503556 

to  the  Sine  of  the  Angle  .  .  B=6o°  00  /=9-93753I 

The 
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The  Angles  being  thus  known,  the  Side  AB  is 
found  as  were  the  Sides  AC  and  BC  in  the  foregoing 
Cafe. 


2i*  By  the  Scale  and  Gompdjfes . 

To  find  the  Angle  B. 

Extend  the  Compares  from  224,11  to  318,82  irt 
the  Line  of  Numbers,  the  fame  Extent  will  reach 
from  370  30''  to  6o°  oo^B,  oil  the  Line  of  Sines, 

By  the  Sliding-Rule. 

Set  224,11  on  A  to  318,82  on  B,  then  againil 
370  30'  on  Sr  is  6o°  00'  =B,  the  Angle  fought, 
on  Ss. 

Note,  In  this  Cafe  of  the  Obtufe-angled  Triangle, 
Fig.  II.  *tis  obvious  the  Angle  here  found  is  the 
outward  Angle  CBG,  whofe  Complement  there¬ 
fore  to  180  Degrees  is  equal  to  the  internal  ob- 
tufe  Angle  ABCz=i20°  oo'. 

22r  Cafe  III.  Given  two  Sides  AC  ==318,82  and 
BC  224,11  ;  and  the  included  Angle  C  = 
82°  3o/  *,  to  find  the  Angles  A,  B,  and  the 
Side  AB. 

To  find  the  Angles  A  and  B. 

The  Sum  of  the  given  Sides  is  AC-f-BC=542,93  % 
their  Difference  is  AC — BC=94,7i  the  Sum  of 
the  unknown  Angles  A+B=97°  3°‘  »  therefore 

the  half  Sum  is  =  48°  45'  i  whence  by  the  A- 

nalogy  in  the  Synopfis,  fay  j 


As 
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Co.  Ar. 

AStheeSideT  °f }  ■  *  •  AC+BC =542,^.7.265256 

is  to  their  Difference  AC — BC—  94,71===  1.976396 
So  is  the  Tangent  of  1  . 

the  half  Sum  of  the  >  ~~  =48°  45-I0-057012 
unknown  Angles  3 


to  the  Tangent  of  half  }  A— B  o 

their  Difference  3  ~  z 


1 5/=9. 298664 


Then  to  the  half  Sum  of  the  Angles  48°  45' 
add  the  half  Difference  .  .  .  n°  15' 

The  Sum  is  the  greater  Angle  B~6o°  oo# 


But  theDiff.  is  the  leffer  Ang,  A=37°  30' 

23.  By  Scale  and  Compqjfes. 

To  find  the  Half  Difference  of  the  Angles 

Having  prepared  the  Work  as  above,  proceed  thus  ; 

Extend  the  Compaffes  from  the  Sum  of  the  Sides 
542,93  to  their  Difference  94,71  on  the  Line  of. 
Numbers  •,  with  this  Extent  fet  one  Foot  of  the  Com- 
paffes  in  Radius  45°,  and  pitch  the  other  downwards 
in  the  Line  of  Tangents,  where  fix  it  while  you  bring 
the  other  Foot  from  450  to  48°  45L  then  with  this 
Extent  apply  one  Foot  in  450,  the  other  will  reach 
to  ii°  i5/=the  half  Difference  of  the  Angles  A  and 
B  *,  which  therefore  may  be  found  as  before. 

Or  if  you  have  a  Line  of  Tangents  continued  be¬ 
yond  450,  then  the  Extent  from  94,71  to  542,93  in 
the  Line  of  Numbers  will  reach  from  48°  to 
s  i°  1  5/  in  the  Tangent  Line. 
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24*  By  the  SB  ding- Rule. 

Set  542.93  on  A  to  94,71  on  B;  then  agamft45° 
on  Tr  obferve  the  Degree  and  Minute  on  Ts,  and 
bring  that  Point  to  48°  4. S'  on  T  r  *,  then  againft  450 
on  Tr  you  have  n°  151  on  Ts,  which  is  the  half 
Difference  as  before,  of  the  two  enquired  Angles 
A  and  B. 

Or  thus,  if  the  Line  of  Tangents  be  continued  on 
the  Slider  beyond  450  *,  fet  542,93  on  A  to  48°  45' 
on  Ts,  then  againft  94,71  on  A  is  1 1°  1  ff  on  Ts. 

Having  therefore  the  Half  Sum ,  and  Half  Diffe¬ 
rence  of  thofe  Angles,  they  are  found  as  in  Art.  22. 
and  then  the  Side  AB  will  be  found  to  be  365  as  in 
Cafe  I.  hereof. 


25.  Cafe  IV.  Given  all  three  Sides  AB=3  65,  AC=: 

318,82,  and  CB=224,ii,  to  find  the 
Angles. 

In  order  to  this  ’twill  be  neceffary  to  reduce  the 

* 

oblique  dhiangle  into  two  Right-angled  ones  ADC, 
and  BDC,  thus  ^  Find  the  Sum  of  any  two  Sides 
AC-j-CB=s542,93  ;  and  their  Difference  AC — CB 
£=94,71  ;  efteeming  the  other  Side  AB  the  Bafe,  the 
Difference  of  whole  Segments  AD — DB=AG,  is 
firii  of  all  to  be  found  by  this  Proportion,  viz. 


Co.  Ar. 

AB=365— 7.437707 


As  the  Bafe  ...... 

is  to  the  Sum  of )  A  1  no 

the  two  Sides  1  AC+BC=542, 93=2.734744 


So  the  Diff.  of  the  7  A  n  ^  r 

two  Sides  i  AC-BC=94, 71  =  1.976396 


■”£segnL°,fi  AD_DB=AG=.4.=2..48847 


Therefore  |: 
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Therefore  AB — A  G= 2  2  4 =G  B=r  2  B D  ;  there¬ 
fore  BD=ii2,  and  AD=2 53  •,  and  fo  the  whole 
Triangle  ACB  is  reduced  to  two  Right  angled  ones 
ADC  and  BDC,  in  each  of  which  there  is  two  Sides 
given  AD  and  AC,  DB  and  BC  j  by  which  means 
the  Angles  ACD  and  DCB  may  be  found,  which 
together  are  equal  to  the  Angle  ACB  *,  and  this  be¬ 
ing  known,  the  other  two  are  found  with  Eafe  by 
Cafe  I.  And  thus  the  whole  oblique  Triangle  is  re- 
fa!  ved. 

Note,  When  the  Perpendicular  falls  without,  as  in  the 
obtufe-angled  Triangle  ABC,  Fig.  II.  then  it 
will  be  the  Sum  of  the  Segments  AD-j-DB— 
AG  ;  and  the  Difference  of  the  Angles  ACD — - 
BCD=ACB,  the  Angle  required. 

26.  And  fince  the  feveral  Problems  of  Navigations 
whether  in  the  Plain ,  Mercator* s.  Middle  Latitude , 
Oblique ,  or  Traverfe  Sailing  ;  as  aTo  of  me; Turing 
Heights  and  TDiJiances^  accejjible  and  inacceffible  \  of 
Fortification s  Gunnery ,  and  divers  Parts  of  Aftronomy^ 
&c.  are  all  refolved  by  the  Dcldrins  of  Plain  trigo¬ 
nometry  ,  as  in  the  Method  before-going  ;  it  mu  ft  be 
very  eafy  for  any  who  underftapd’s  the  Solution  of 
Plain  Triangles,  to  apply  it  to  any  practical  Cafes 
that  may  occur  in  any  of  the  aforefaid  Arts,  with¬ 
out  any  farther  Inftruddons  or  Examples.  Yet  thofe 
who  would  fee  the  theory  of  Plain  trigonometry ,  and 
its  Application ,  in  the  larged:  Extent,  may  find  it  in 
the  firft  Vo-1,  of  my  Young  trigonometeA s  Guide , 
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CHAP.  XII. 

The  Solution  o/Spherical  Triangles  by 
Logarithms,  by  Gunter’*  Scale,  and 
by  the  Sliding  Rule. 

1.  A  S  in  the  foregoing  Chapter  I  have  exempli- 

fied  the  Refolution  of  Plain  T riangles  both 
by  the  Canon  of  Logarithms ,  and  Logarithmical  In - 
ftruments ,  fo  I  fhall  purfue  the  fame  Method  here 
with  refpe6t  to  Spherical  Triangles  of  both  kinds  j 
in  each  of  which  there  are  fix  different  Cafes ,  which 
in  all  their  Varieties  are  refolvable  according  to  the 
Analogies  afijgned  in  the  Synopfis  ;  on  which,  and  on 
the  Figure  of  the  Triangle  there,  the  Reader  is  de- 
fred  to  have  his  eye,  thro’  the  whole  Courfe  of  Ex¬ 
amples.  To  begin  then  with 

2.  Right-angled  Spherical  Triangles . 

Cafe  I .  Given  the  Bafe  AB=38°  if,  and  Angle  at 
Bafe  B=39°  to  find  the  Perpendicular 
AC,  the  Hypothenufe  BC,  and  the  AngleC. 

i.  To  find  the  Perpendicular  AC. 

As  Radius .  90°  oo'zzio.ooooqo 

is  to  the  Sine  of  the  Side  ABi=3 8°  9-79 1 757 

So  is  the  Tang,  of  the  Ang.  B— 390 

m*mrn I.  .  ■  mm  ■  —  '  ■■  *  I 

to  the  Tang,  of  the  Perp.  AC— 270  2fi— 9.714544 , 
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2.  To  find  the  Hypothenufe  BC. 

As  Radius .  90°  00' =10. 000000 

to  the  Co-Sine  of  the  Angle  B=39°56— 9-884677 
So  is  the  Co-T.  of  the  Side  AB=38°  0.103288 

to  the  Co- T.  of  the  Hypoth.  BC=45°  48/z=9>988o65 

3.  To  find  the  Angle  C. 

jj  7  r 

As  Radius . .  90°  oo1— 10.000000 

to  the  Co-Sine  of  the  Side  AB=38°  1 5'— 9.895045 
So  is  the  Sine  of  the  Angie  B— 390  56^9.807465 

to  the  Co-Sine  of  the  Angle  0=59°  44/=9<7025io 

3.  By  Scale  and  Compares. 

i.  To  find  AC. 

Extend  the  Compafles  from  90°  to  390  §6'  in  the 
Line  of  Sines,  that  will  reach  from  38°  15'  in  the 
Line  of  Tangents  to  270  the  Side  re¬ 

quired, 

2.  To  find  the  Hypoth.  BC. 

Extend  the  Companies  from  Radius  90°  to  the 
Co-Sine  of  B,  50°  04'  in  the  Line  of  Sines  *,  then 
apply  that  Extent  from  450  in  the  Line  of  Tangents 
downwards,  where  fix  that  lower  Foot,  and  bring 
the  other  to  510  45'  the  Co- Tangent  of  AB,  this 
laft  Extent  will  reach  from  450  to  440  I2;  the  Co- 
Tangent  of  BC=z:45°  48',  the  Side  required. 

v 

3.  To  find  the  Angle  C. 

Extend  the  Compafles  from  90°  to  510  45'  the 
Co* Sine  of  AB,  the  fame  will  reach  from  the  Sine 
39°  56'  to  30°  i6;  the  Co-Sine  of  0=59°  44b 
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4*  By  the  Sliding- Rule. 

1 .  To  find  AC. 

Set  900  on  Sr  to  38°  1  y'  on  Ss ;  then  againfi: 
39°  5&/  on  Tr  is  270  2  3/|=A C,  on  Ts. 

2.  To  find  BC. 

Set  90  on  Sr  to  50°  04'  the  Co- Sine  of  B,  on  Ss  ; 
and  mark  the  Degree  and  Minute  on  Ts  againfi:  450 
onTR,  bring  that  Point  to  5i°45/  (the  Co-Tangent 
of  AB)  on  Tr,  on  which  againfi:  45°,  you  have 
440  12'  on  Ts,  the  Co-Tangent  of  BC— 450  48^  as 
required. 

3.  To  find  the  Angle  C. 

Set  90°  on  Sr  to  the  Co-Sine  of  AB,  510 45'  on 
Ss  *,  then  againfi:  390  56  on  Sr  is  30°  i67on  Ss,  the 
Co-Sine  of  C— 59°  44',  as  required. 


5.  Cafe  II.  Given  the  Perpendicular  A  0=27°  2  3',  and 
the  oppofite  Angle  B=39°  56^  to  find  the 
Side  AB,  the  Hypothenufe  BC,  and  Angle  C. 

To  fi  id  AB. 

As  the  Tangent  of . B=29°  561 =9. 92278'/ 

is  to  the  Tangent  of  .  .  AO— 27°  23'!— 9.714544 
So  is  Radius  ....  90°  oo—io. 


to  the  Sine  of  the  | 
Side  required  S 


AB=38°  15— 9791757 


The  Operations  of  this  Cafe  being  only  the  Converfe 
of  the  foregoing,  needs  no  further  Examples,  in 
N  umbers. 

6. , 
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6.  By  Scale  and  Compares. 

1.  To  find  AB. 

Extend  the  Compafles  from  39°  56'  to  270  23'f 
on  the  Tangents,  the  fame  will  reach  from  90°  011 
the  Sines,  to  38°  i5/==AB. 

2.  To  find  BC. 

Extend  the  Compafles  from  390  56'  to  270  2  3  A. 
on  the  Sines,  the  fame  will  reach  from  90°  to  (the 
Sine  of  BC— )  450  48^  as  required. 

3.  To  find  the  Angle  C. 

Extend  the  Compafles  from  (the  Co- Sine  of  AC) 
62°  36C  to  90°,  the  fame  will  reach  from  (the  Co- 
Sine  of  B)  50°  04'  to  590  44;  the  Sine  of  the  Angle 
C  required. 

* 

7.  By  the  Sliding-  Rule. 

1.  To  find  AB. 

Set  390  56'  on  Tr  to  2  70  23^  onTs,  then  againft 
90°  on  Sr  is  38°  15'— AB,  on  Ss. 

2.  To  find  BC. 

Set  390  56'  on  Sr  to  270  23'!  on  Ss  ;  then  again  ft 
90°  on  Sr  is  450  48^ BC,  on  Ss. 

3.  To  find  the  Angle  C. 

Set  (the  Co-Sine  of  AC)  62°  36A  on  Sr  to  9o°on 
Ss  then  againft  (the  Co-Sine  of  B)  50°  04'  on  Sr  is 
590  44'^C,  on  Ss. 

8.  Cafe  III.  Given  the  Hypothenufe  BC-^450  48^ 

and  an  acute  Angle  B—  390  56^  to  find  the 
Legs  AB,  AC,  and  the  Angle  C. 


1. 
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1.  To  find  AB. 

As  Radius . .  .  90°  00'=  10.000000 

to  the  Co-Sine  of  .  .  .  2=39°  56'=.  9.884677 

So  is  the  Tangent  of.  .  BC==45°  48^1 0.0 12 129 

AB=380  j5-  9.89680 6 

2.  To  find  AC. 

As  Radius .  90°  00'=  10. 

is  to  the  Sine  of  ...  .  BC=45°  48/~  9.855465 
So  is  theSine  of.  .  .  .  B=39°  56^9. 807465 


°f  \  AC“7°  *rt=9-«fa93o 

3.  To  find  the  Angle  C. 

As  the  Co-Sine  of  ...  .  BC=45°  48^=9.843336 

is  to  Radius .  90  00=10. 

So  is  the  Co-Tangent  of  B=39°  56/=io.o772i3 

To  the  Tangent  of .  .  .  ,C=59°  44^1 0.2 3  3 87 7 
9,  By  Scale  and  Compares . 

1.  To  find  AB. 

Extend  the  Compares  from  Radius  90°  to  (the  Co- 
fine  of  B)  50°  04;  in  the  Sines,  then  fet  one  Foot  in 
450  in  the  Tangents,  and  pitch  the  other  downward  ; 
where  fix  it,  while  you  bring  the  former  from  450 
to  450  48' ;  then  will  this  laft  Extent  reach  from  450 
to  the  Tangent  of  38°  i57=AB,  the  Side  required. 

2.  To  find  AC. 

Extend  theCompafles  from  90°  to  450  48'  in  the 

Sines, 
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Sines,  the  feme  will  reach  from  390  56'  to  270  23'f. 
ssAC,  in  the  fame  Line, 

3.  To  find  the  Angle  C. 

Extend  the  Compaffes  from  (the  Co- Sine  of  BC) 
440  161  to  Radius  90°  ;  the  fame  applied  to  (the  Co- 
Tangent  ofB)50°04/,  will  reach  to  the  Tangent 
590  44'=C?  the  Angle  required. 

10.  By  the  Sliding-Rule* 

1.  To  find  AB. 

Set  Radius  90°  on  Sr  to  50°  04'  (the  Co-Sine  of  B) 
on  Ss,  and  againft  450  on  Tr  mark  the  Point  on  Ts, 
bring  that  Point  to  450  48 7  on  Tr  ;  and  now  againft: 
450  on  Tr  you  have  38°  15'— AB,  on  Ts. 

2.  To  find  AC. 

Set  Radius  90°  on  S  to  450  48'  on  Sr,  then  againft: 
39°  56'  on  Ss,  you’ll  fee  270  23^  on  Sr,  the  Side 
AC  required. 

3.  To  find  the  Angle  C. 

Set  (the  Co-Sine  of  BC)  440  16'  on  Ss  to  Radius 
90°  on  Sr  •,  then  againft;  (the  Co-Tangent  of  B) 
50°  04/on  Tr,  is  590  44/=C,  on  Ts. 

11.  Cafe  IV.  Given  the  Legs,  AB —  38°  15',  and 
AC— 2 70  2  3x| ;  to  find  the  reft. 

To  find  the  Hypothenufe  BC. 

As  Radius .  90°  oo^io. 

is  to  the  Co-Sine  of.  .  AC=27°23|— 9.948388 
So  is  the  Co-Sine  of  .  .  AB=38°  i57=9. 895045 

to  the  Co-Sine  of ...  ,  BC=45°  48'=9. 843433 
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As  there  is  nothing  new  in  finding  the  Analogies  B 
and  C,  I  fhall  pafs  them  by. 

12.  By  Scale  and  Compajfes . 

1.  To  find  BC. 

Extend  the  Compares  from  90°  to  (the  Co-Sine  of 
AC)  62°  37';  t^ie  ^ame  applied  to  (the  Co-Sine  of 
AB)  5ic457  will  extend  to  (the  Co-Sine  of  BC) 
440  16'  ;  therefore  BC=45°  48 

2.  To  find  the  Angle  B. 

Extend  the  Compafles  from.  38°  j§/  to  90°  in  the 
Sines,  the  fame  will  reach  from  270  23^^  390  §6/ 
in  the  Line  of  Tangents. 

3.  To  find  the  Angle  C. 

Extend  the  Compafles  from  27°  23^  to  90°  in  the 
Sines  ;  the  fame  will  reach  from  450  to  a  Point  in  the 
Tangent- Line,  where  fix  the  Compafles  while  you 
bring  the  Leg  from  45  0  to  3  8 0  if  then  will  this  lafl: 
Extent  reach  from  45 0  to  59 0  44' =C,  in  the  Tan¬ 
gents. 

13.  By  the  Sliding- Rule. 

1.  To  find  BC. 

Set  90°  on  Ss  to  (the  Co- Sine  of  AC)  62®  f  \  on 
Sr,  then  againft  (the  Co-Sine  of  AB)  51 0  457  on  S$ 
is  (the  Co-Sine  of  BC)  440  1 6'  on  Sr  i  wherefore 
BC^45c48;,  as  required. 

2.  To  find  the  Angle  B. 

Set  38°  15'  on  Ss  to  90°  on  Sr  *,  then  again  fl; 
2 70  23'i  on  Ts  is  39°  56-  011  Tr,  the  Angle  B  re¬ 
quired. 
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3.  To  find  the  Angle  G. 

Set  2 70  23'  on  Ss  to  96°  on  Sr  ;  and  mark  the 
Point  on  Ts  againft  450  on  Tr  ;  bring  that  Point  to 
38°  is'  on  Tr  ;  then  againft  450  on  Tr  you /ee 
590  44/=ssC,  on  Ts. 

14.  Cafe  V.  Given  the  Hypothenufe  BC=  45°  48;. 

and  one  Side  ACz=.2y°  2^'i  >  to  find  the  reft. 

To  find  the  Angle  C. 

The  Tangent  of ...  ,  BC=45°  48'=i9.oi2i29 
is  to  Radius  ......  90°  oo'csio. 

Asthe  Tangent  of  AC=  270  23^=  9.714544 

*  ■ 

is  to  the  Co-Sine  of  the  Angle  C=r59°44/=9. 70241 5 

15.  By  the  Scale  and  Compares. 

Extend  the  Compafies  from  450  to  270  23'*  in  the 
Tangents,  then  fet  one  Foot  in  450  48',  and  pitch 
the  other  downward,  where  fix  it  while  you  move 
the  other  again  from  450  48 '  to  450,  then  fiiall  this 
laft  extent  reach  from  Radius  96°  to  (the  Co-Sine  of 
C)  30°  1 6‘  in  the  Line  of  Sines;  whence  the  Angle 
C=59°  44',  as  required. 

* 

1 6.  By  the  Sliding- Rule* 

Set  450  on  Tr  to  270  23'!  on  Ts,  and  mark  the 
Point  in  Ts  againft  450  48/  on  Tr,  then  bring  that 
Point  to  450  on  Tr  ;  laftly,  againft  90°onSR,  you 
have  30°  i67  on  Ss,  which  is  the  Co-Sine  of  C=s 
590  44',  as  required. 

Notey  The  Proportions  for  AB  and  the  Angle  B, 
contain  nothing  new  or  difficult  either  in  Numbers  or 
by  Inftrument ,  therefore  fhall  give  no  Examples  in 
them. 


Cc 


17. 
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17.  Cafe  VI.  •  Givpn  the  Angles  B=39°  56',  and 

C==59°  447,  to  find  the  Sides  AB,  AC,  BC. 

1.  To  find  AB. 

As  the  Sine  of .  .  .  .  6=39°  5 6 '=9. 807465 

is  to  the  Co-Sine  of .  .  .  C=59°  44/=9.702452 

So  is  Radius  ......  90^  oo'^zio. 

To  the  Co-Sine  of  the  Side  AB=38°  89498 7 

2.  To  find  AC. 

The  Analogy  is  the  fame  as  for  AB,  by  which  you 
will  find  AC=27°  23'j  nearly. 

3.  To  find  BC. 

As  the  Tangent  of  .  .  .  0=59°  44^10.233905 

is  to  the  Co-Tangent  of  B=:39°  $6'— 10. 0771 13 
So  is  Radius .  90°  oo^io. 

to  the  Co- Sine  of  the  Side  BC=45°  48 ;=  9.843308 

18.  By  Scale  and  Compajfes. 

1.  To  find  AB. 

Extend  the  Compafies  from  390  56'  to  (the  Co- 
Sine  of  C)  30°  1 6',  the  fame  will  reach  from  Radius 
90°  to  (the  Co-Sine  of  AB)  510  45',  in  the  Line  of 
Sines  *,  therefore  AB~380  15'.  In  the  fame  manner 
you  find  AC=27°  23/|. 

2.  To  find  BC. 

Extend  the  Compafies  from  590  44'  to  (the  Co- 
Tangent  of  B)  50°  04/  in  the  Tangents,  the  fame 
Extent  will  reach  from  Radius  90°  to  (the  Co-Sine 
of  BC)  440  I  2;  in  the  Sines  *,  therefore  BC=*45°  4^* 

•  .  i  % 1  %  ^ 

19. 
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j<j.  By  the  Sliding-Rule. 

1.  To  find  AB. 

■*  ■*■"'•••  .  • 

Set  390  56'  onSs  to  (the  Co-Sine  of  C)  30°  i6/ofi 
Sr  ;  then  againft  90°  on  Ss  is  (the  Co-Sine  of  AB) 
510  45' ;  confequently  AB^=38°  15b 

In  like  manner,  you  find  AC==27°  23'!, 

2.  To  find  BC. 

Set  590  44'  on  Ts  to  (the  Co-Tangent  of  BJ 
50°  04'  on  Tr  ;  then  againft  90°  on  Sr  is  440  iz* 
(the  Co-Sine  ofBC)  onSs.  Wherefore BC=r45°48/. 

20.  Of  Oblique ‘Triangles. 

.  ^  ^  ..  *•  ^  iT-  r  ..  . .  \  * 

Oblique  Spherical  Triangles  admit  alfo  of  fix  dif¬ 
ferent  Cafes,  as  follow. 

Cafe  I.  Given  two  Angles,  B=34°  30',  and  D= 
48°  qq',  and  an  oppofite  Side  BC==38°  45' ; 
to  find  the  other  two  Sides  DC  and  BD  j  and 
Angle  C. 

Let  fall  a  Perpendicular  CA  from  the  unknown 
Angle  C  to  its  oppofite  Side  BD.  Then  is  the  ob¬ 
lique  Triangle  reduced  to  two  Right  ones,  BAG  and 
DAC.  Then  fay  by  the  firft  Analogy  ;  To  find  the 
Angle  C. 

As  the  Co-Sine  of.  .  .  .  BC=38°  $92030 

is  to  Radius  .  .  ,  .  .  90°  oo'r^io. 

So  is  the  Co-Tangent  of  £=34°  3o/=io.  16286.6 

$0  the  Tangent  of  .  .  BCA=6i°  48/i=io.2 70836 

Again,  by  the  fecond  Analogy,  fay  y 

Cc  2  As 
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Co.  Ar. 

As  the  Co-Sine  of .  .  .  B=34°  30/=o. 084006 

is  to  the  Sine  of .  .  .  BCA=6i°  487i=:9. 945159 
So  is  the  Co-Sine  of .  .  .  Dz-480  oo/=9.82  55ii 

to  the  Sine  of  the  Angle  DCA=45°  41/1=9^854676 

No'w  fince  the  Perpendicular  CA  falls  within  the 
Triangle,  ’tis  plain  the  Sum  of  the  two  Angles  now 
found  makes  the  Angle  fought,  viz.  BCA+DCA=r 
BCD=45°  41'f-f  6i°  48/|=ip7°  30'. 

To  find  the  Side  BD. 

2i.  By  the  firft  Analogy,  fay  ; 

As  Radius  . .  90°  00'=  10. 

•  to  the  Co-Sine  of  ...  .  B=34°  3o'=9.9 15994 

So  is  the  Tangent  of  BC=38°  45 '=9. 9 0449 7 

to  the  Tangent  of  the  Side  BA=  33°  29— 9*820485 

Again,  by  the  fecond  Analogy,  fay  ; 

Co.  Ar. 

As  the  Tangent  of .  .  .  D=48°  oo'z=z.g. 954437 

is  to  the  Tangent  of  .  . .  R=34°  3p'=9.837i34 

So  is  the  Sine  of .  ....  AB=33°  29^=9.741698 

to  the  Sine  of .  .  .  .  AD=i9°  si =9- 5 3 3269 

Now  his  evident,  the  Sum  of  the  two  Arches 

ABrf- A  330  si  =  53°  2  6',  the 

Side  required. 

22  .  To  find  the  Side  CD.  Co.  Ar. 

As  the  Sine  of  the  Angle  D=48 0  00'=. o.  128927 
is  to  the  Sine  of  the  Side  BC=38°  4 5^=9. 79  65  71 
So  is  the  Sine  of  the  Angle  B=34°  30=9. ys312^ 


to  the  Sine  of  the  Side  fought  PC=2  8°  30ZZ9.67S626 

Thus 
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Thus  the  whole  Triangle  is  refolved  according^  to 
i  the  Data  of  this  Cafe. 

23.  Cafe  II.  Given  two  Angles  B=34°  30',  and 
0=107°  2°r  5  and  a  Side  included  BC= 
38°  45/  *,  to  find  the  reft. 

You  let  fall  the  Perpendicular  CA,  and  find  the 
Angle  BCA=6i°  487|,  as  in  Art.  20.  Then  from 
the  given  Angle  0=107°  30',  take  the  Angle  BCA 
t=6 i°48/|,  and  there  will  remain  the  Angle  DCA 
—450  4;'i,  by  which  you  will  find  the  Angle  D== 
48°  oo\  according  to  the  fecond  Analogy  of  this 
Cafe.  Thefe  Things  being  known,  we  may  pro¬ 
ceed 

To  find  DC.  Co.  Ar. 

Thus,  as  the  Co-Sine  of  DCA=45°  41  'i=:o.  155821 
is  to  the  Co-Sine  of  BCA=6i°  48' 1— 9.674.329 
So  is  the  Tangent  of  .  .  .  BCz=38°  45^9. 904491 

To  theT.  of  the  Side  fought  DC=2  8°  30r=zg.  734641 

24.  To  find  BD. 

From  the  given  Angle  B  let  fall  the  Perpendicular 
bk  to  the  unknown  Side  DC  produced  ;  then  by  the 
firft  Analogy,  find  the  Angle  CB&,  thus  ; 

As  Radius .  90°  00^  10. 

to  the  Co-Sine  of .  .  .  .  BCzzz38°  45^9.892030 
So  is  the  Tangent  of  BC&ZZ720  30/=io.5oi27S 

to  the  Co-Tangent  of  CBK—220  oo'imo. 393308 

Then  by  the  fecond  Analogy,  fay  ; 

As  the  Co-Sine  of  .  .  DB^=56°  30' 0.258208 
is  to  the  Co  Sine  of  &RC— 220  00^=9 . 967151 

So  is  the  Tangent  of .  .  .  BC=38°  45^9. 904491 

. _ _  . 

:  to  the  T.  of  the  Side  fought  DC— 530  26^10.129850 
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.  *  .  v 

25.  Cafe  III.  Given  two  Sides  BC=38°  45',  and 

CD=28°  30'',  and  an  Angle  eppofite  to  one 
of  them,  B=34°  301 ;  to  find  the  reft. 

This  Cafe  being  but  the  Converfe  of  Cafe  I.  I  fhall 

not  repeat  the  Examples. 

•  •  »  *  ♦  **  ?  '  '  *  • 

Cafe  IV.  Given  two  Sides  BC—380  45',  and  BD==s 
530  26',  and  the  Angle  included  £>=34°  30'  $ 
to  find  the  reft. 

This  Cafe  contains  nothing  difficult  if  what  goes 
before  be  well  underftood  ;  the  Analogies  being  plain 
and  e^fy  for  the  Operations,  I  fhall  leave  them  to 
the  Learner’s  Exercife  ;  and  pafs  on  to 

26.  Cafe  V.  Given  all  the  three  Sides,  BC^=38°  45', 

pCnr2  8°  30',  and  BD=s53°  2 6'  to  find 
the  Angles. 

To  find  the  Angle  O. 

The  Difference  of  the  Legs  containing  the  Angle 

fought,  is  BC— CD=?AM=io°  15';  then 

=31°  5°'b  ar*d  5^1=21°  3 5%  ;  wherefore, 

according  to  the  Analogy  for  this  Cafe  in  the  S.ynop- 
fis,  proceed  thus : 

The  Sine  of  the  Side  .  .  .  BC— 38°  45'— 9.796571 
Add  the  Sine  of  the  Side  DC— 28°  30^9 .678663 

— !.  '■  '  ‘  «  -I 

The  Sum  is  the  Log.  of  sBCxsDCz=i 9.4752 34 
Again,  the  Sine  of  1?  =31°  50/^9.722283 

Add  the  Sine  of  —  21°  35/i— 9.565.83$ 


The  Sum  is 


s  bd+^m  xs 


BD— AM 


=19.28811$ 


Then 


2 


2 
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Then  fay ; 

As .  sBC  x  sDC= 

is  to  the  Square  of  Radius  .  s  .  Rq= 


So  is  ...  .  s 


BD-4-AM  BD— AM 

X  s> 


19475234 
■  20. 

:I9. 288119 


tothe  fquare  Sine  of  \  the7  Qr„oo,. 

Angle  fought  1  i  -  ^=19.812885 

The  half  whereof  is  .  .  .  .  s|C=53°  44^9. 906442 


Wherefore  the  Angle  fought  is  C=io7°  28'  *,  or 
more  compendioufly  thus,  by  the  Arithmetical  Com-; 
plement  of  the  Sides  BC,  and  DC. 

.  '  *  .  'J.  .  .  v,vV/«,  *  I:  -  T  ;  •  <  . 

27.  The  Sine  of  BC=38°  45'=.o. 203429  Co.  Ar. 
The  Sine  of  DC=28°  ^o'z=z.o.^2i^^y  Co.  An 
The  Sq.  of  Radius  Rq  =20.000000 

The  Sine  of  =31°  $o]\-=l(}.J222%% 

The  Sine  of  — —  =21°  3  5^=9 -56 5%  36 


The  Sum  of  all  ....  sq|C=i9.  812885 

Therefore  ....  s|C=53°  44^=9.906442 
Confequently  .  .  ,  €=107°  2.8';  the  fame  as  before. 


Having  found  one  Angle,  the  others  are  eafily  found 
by  the  former  Cafes. 


Note 9  By  Cafe  I.  the  Angle  C  was  found  to  be 
107°  30^,  which  is  but  2f  different  from  what  it  is 
found  by  this  Cafe  j  whence  the  Reader  may  obferve 
the  wonderful  Certainty  and  Agreement  of  the  moft 
different  Methods  of  Calculation*  and  from  the  gre^t- 
cfl:  Diverfity  of  Data. 
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2  8.  The  fixth  Cafe  is  but  the  fame  with  this,  if 
the  three  Angles  given  be  changed  into  Sides,  taking 
for  the  greateft  Angle  in  that  Triangle  and  greateft 
Side  in  this,  their  Supplements  to  180  Degrees. 

29.  Having  thus  ihewn  the  belt  Methods,  both  for 
Exaftnefs  and  Eafe ,  of  refolving  the  feveral  Cafes  of 
Right  and  Oblique-angled  Triangles,  I  lhall  leave  the 
Application  thereof  to  the  various  Problems  of  Hflro- 
nomy ,  Geography ,  Diallings  Orthodromics ,  &c.  for 
the  Learner’s  own  Recreation  ;  as  being  in  it  felf  very 
eafy,  if  what  is  here  taught  be  underftood  *,  and  alfo 
becaufe  I  have  both  demonftrated  the  Theory ,  and 
very  clofely  applied  the  Doblrine  of  Spherical  Trigo¬ 
nometry,  in  the  2d  Vol.  of  my  Toung  Trigonometer*  s 
Guide ,  printed  for  Mr.  J.  Noon,  at  the  White  Hart , 
in  Cheapfide  ;  and  which  I  recommend  to  all  unac¬ 
quainted  with,  and  who  would  have  a  good  Notion  of 
the  noble  and  moft  iifeful  Art  of  Trigonometry . 


QQCGQCQQQQQQ  ©QGQOGQOCQOQ 

CHAP.  XIII. 

Mercator’j  Sailimg  performed  by  the  Ca¬ 
non  ^Logarithmic  Tangents, with¬ 
out  the  Meridional  Parts. 

i.f  I1HE  Property  of  Mercator's  Chart  is  its  hav- 
ing  the  Degrees  of  Latitude  increafed  in  the 
fame  Proportion  as  a  Degree  of  Longitude  decreafes 
from  the  Equator  to  the  Pole.  Which  Proportion 
is  that  of  Radius  to  the  Co-Sine  of  Latitude  *,  or,  of 
the  Secant  of  the  Latitude  to  the  Radius ;  which  is 
thus  demonftrated. 

2.  Let  AEB  (Fig.  VIII.)  be  a  Se<ftor  in  the  Plane 
of  the  Equator,  made  by  the  Interfedlions  of  the 
Planes  of  two  Meridians  therewith,  viz.  AE,  and 

BE, 
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BE,  whofe  Inclination,  or  Angle  BEA,  that  is,  the 
Arch  of  the  Equator  AB  is  =  1  Degree.  Alfo  let 
EC  be  the  Radius  of  any  Parallel  of  Latitude  ;  then 
fhall  DC  be  an  Arch  in  that  Parallel  fimilar  to  (AB) 
one  Degree  of  Longitude  in  the  Equator,  or  it  is 
that  Degree  diminifhed.  Nov/  (from  the  Elements) 
the  Arch  AB  is  to  the  fame  dimiriifh’d  in  the  given 
Parallel  DC,  as  the  Radius  of  the  Equator  AE  to 
the  Radius  of  that  Parallel  CE  ;  but  fince  AE— EC 
(AC  being  the  given  Latitude)  and  becaufe  of  fimilar 
Triangles EcC  and  ESA,  therefore  Ec  (EA)  :  EC  :: 
ES  :  EA  ::  AB  :  DC.  But  EC—  E  c,  the  Co-Sine 
of  the  Latitude  AC,  and  ES  the  Secant  thereof  ; 
therefore,  &c.  which  was  to  be  demonftrated. 

3.  And  becaufe  in  Mercator's  Projection  or  Charts 
the  Meridians  and  Parallels  are  all  reprefented  by  pa¬ 
rallel  Right-Lines ,  the  Arch  CD  in  every  Parallel  is 
ever  equal  to  that  in  the  Equator  AB  *,  therefore  that 
the  true  Proportion  between  Longitude  and  Latitude 
might  be  preferved  on  this  Chart,  as  on  the  Globe  it 
felf,  ’twas  neceflary  the  feveral  Degrees  of  Latitude 
fhould  be  fucb  as  belong  to  thofe  Circles  whofe  Radii 
are  feverally  equal  to  the  Secants  of  thofe  Latitudes. 

4.  Let  A  ==  the  Arch  of  one  Degree  in  any  Lati¬ 
tude  ;  a,  h ,  c,  &c.  =  the  feveral  enlarg’d  Degrees 
on  the  Meridian  *,  R  =  Radius  ;  and  S}  s,  j, 

the  Secants  of  thofe  Latitudes.  Then  it  will 

{Aift  :  a  ::  R  :  S.  1  Therefore  we  fhall  have 

A2d  :  h  ::  R  :  s.  I3A  :a~\~bJrc  ::  3R  :  S-p 

A3d  :  c  ::  R  :s,  Sec.  j  s-j-s. 

That  is,  the  Sum  of  the  Secants  of  1,  2,  3  Degrees 
is  always  equal  to  theDiftance  of  the  Parallel  of  thofe 
three  enlarg’d  Degrees  from  the  Equator.  And  con- 
fequently  by  a  continual  Addition  of  the  Secants  of 
E  iE,  2.E,  3E,  &c.  or  their  Doubles  E,  3',  j  y\ 
Cf  c.  the  Line  or  Table  of  Meridional  Parts  may  be 
made  ,  and  by  fome  has  been  made  in  this  manner 

D  d  for 
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for  every  Minute  of  the  Quadrant ;  but  a  truer  way 
is  that  delivered  in  Chap.  X.  of  the  Theory,  which 
fee. 

5.  If  then  you  draw  any  Line  AB  (Fig.  X.)  to 
reprefent  an  Arch  of  the  Equator,  as  fuppofe  60  De¬ 
grees  ;  and  on  every  tenth  Degree  be  eredted  Per¬ 
pendiculars,  thefe  fhall  be  th z  Meridians  \  on  which 
if  the  Degrees  of  Latitude,  enlarg’d  in  the  Manner 
and  Proportion  above  defcrib’d,  be  fet  off;  and  thofe 
Divifions  join’d  by  Right-Lines,  reprefenting  the 
Parallels  of  Latitude,  Mercator's  Chart  will  be  con- 
ftrucfted  for  the  given  Longitude  and  Latitude  ;  and 
a  Meridian  thus  graduated,  is  what  is  called  the 
Nautical  or  Meridian  Line.  This  Chart,  as  here 
drawn,  includes  6o°  Longitude ,  and  8o°  Latitude , 
that  the  Reader  may  have  a  perfpicuous  Idea  thereof. 

6.  Now  fuppofe  F  be  the  Latitude  whence  you 
fail,  and  C  the  Latitude  you  arrive  to,  on  the  Rhumb 
FC  ;  ’tis  plain  there  will  be  formed  a  Right-angled 
plain  Triangle  FCD,  wherein  FDis  the  enlarg'd  Dif¬ 
ference  of  Latitude ,  and  CD  the  true  Difference  of 
Longitude ,  and  the  Angle  CFD  the  Courfe  or  Rhumb  *, 
and  therefore  any  two  of  thefe  being  given,  the  reft 
are  found  by  the  Analogies  of  plain  Triangles  before- 

g°ing- . 

7.  Since  every  Degree  is  equal  to  60  Minutes  or 
Nautical  Miles,  let  th z  proper  Difference  of  Latitude 
be  reduc’d  to  thefe  Parts,  and  fet  (off  the  fame  Scale 
as  AB  was  laid  down  by)  from  F  to  E,  and  draw 
EK  parallel  to  DC  ;  fo  fhall  there  be  form’d  another 
Right-angled  plain  Triangle  FEK  ;  in  which  FE  is 
the  proper  Difference  of  Latitude  ;  EK  the  Departure  *, 
KF  the  Difiance  fail’d  on  the  Rhumb  or  Courfe  EFX. 
Any  two  of  which  Parts  being  given,  the  others  are 
to  be  found  as  afore  (aid. 

8.  And  thefe  two  Triangles  FCD,  FKE,  com¬ 
prehending  all  the  Particulars  of  Mercator's  Sailing  ; 
’tis  obvious  enough  how  they  are  alfrefolv’d,  either 

by 
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by  Projection  or  trigonometrical  Calculation  ;  but  my 
Purpofe  is  here  to  fhew,  that  without  thofe  common 
Methods ,  they  are  all  to  be  refold’d  by  the  Canon  of 
Logarithm-Tangents  only  ;  in  order  to  which,  the 
following  Articles  mud  be  premis’d  and  duly  ob- 
ferv’d,  viz. 

9.  Fir  ft,  That  it  has  been  fhewn,  the  Nautical  or 
Meridian  Line,  or  Scale  of  Mercator's  Chart ,  is  no 
other  than  a  Scale  of  Logarithm-Tangents  of  the 
Half  Complements  of  the  Latitude.  Secondly,  that 
fuch  Logarithm-Tangents  of  Mr.  Brigg' s  Form,  (or 
thofe  in  common  Ufej  are  a  Scale  of  the  Differences 
of'  Longitude  upon  the  Rhumb,  which  makes  an 
Angle  of  510  38'  9"  with  the  Meridian.  Thirdly, 
the  Differences  of  Longitude  on  differing  Rhumbs, 
are  as  the  Tangents  of  the  Angles  of  thofe  Rhumbs 
with  the  Meridians  *,  as  is  evident  from  the  Triangle 
FCD  (Fig.  X.)  And  fourthly,  that  the  Logarithm- 
Tangent  of  the  Angle  5 1°  38'  9^,  viz.  10.1015104 
is  a  conftant  Facftor  in  thefe  Computations.  On  thefe 
Premifes  5tis  eafy  to  operate  the  Propofitions  of  Mer¬ 
cator's  Sailing ,  as  follovcs. 

10.  In  Fig.  11.  let  F  reprefent  tht  Lizard's  Point , 
whofe  Latitude  North  DF— 490  5/  ;  alfo  let  K  re¬ 
prefent  Barbadoes  in  Latitude  North  130  io  =CK  ; 
then  is  FE  =  the  Difference  of  Latitude  ;  CD  the 
Difference  of  Longitude  ;  and  EFK  the  Angle  of 
the  Rhumb,  FK  with  the  Meridian.  Laftly,  let  FO 
be  the  Rhumb  making  an  Angle  of  520  38'  of1  with 
the  Meridian  ,  or  that  on  which  the  Difference  of 
Longitude  Qp  is  the  Difference  of  the  Logarithms 
of  the  Tangents  of  half  the  Complements  of  the  Lati¬ 
tude  PF,  PK,  or  PO:  Then, 

11.  Cafe  I.  Given  the  Latitude  of  the  Lizard , 
49°  551  N.  and  that  of  Barbadoes  130  io'.N* 
and  their  Difference  of  Longitude  530  oo/= 

D  d  2  3180 
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3180  Nautic  Miles:  I  demand  the  Courfe 
and  Diftance  fail’d  ? 

f  The  Lat.  1  Comp.  1  the  Halfs.*} 

<  CK~i3°  io;  iPK~76°  5a7  >  38°  2^  V 
(_DF=49°  55  J  PF— 40°  o5/J  200  27|  J 


Then  the  Fog.  Tangent  of 


38°  25^=9.899308 
20°  2  9.562048 


The  Difference  of  which  is  .  .  .  QD=3  372,60 


(Note,  1  he  four  firft  Figures  are  Integers ,  according 

to  the  Theory) 

Then  fay,  for  the  Courfe  KFE  , 

As  the  D  iff.  of  Log.  Tang.  00—3372,6=3.527965 

to  the  given  Diff.  of  Long.  €0=3180=3.502427 
So  is  the  con  ft.  T  ang.  of  OF£= 5 1 0  3  8 7  gl!~  1  o.  1  o  1 5 1  o 


.6039 


37 


to  the  Tangent  of  the  >  7-^, 


Courfe  fought 


49 


o 


r*  r\>  1 
ci  _ 
jy  it 


=IO-°75972 


Secondly,  For  the  DiftanceFK. 

The  Difference  of  Latitude  is  490  55' — 13°  io7= 
36°  45^2205  Miles  *, 


Say,  as  Radius  .  .  .  .  . 
to  the  Diff*.  of  Lat.  .  . 
So  is  the  Secant  7  i  irp 
of  the  Courfe  )  V 


10, 

•  EF=2205=3. 343409 

=. 490  597  io/7=io. 191807 


to  the  Diftance  fail’d  1^1^=3429,38=3.535216 

By  this  Propofition  you  eftimate  the  Courfe  a  Ship 
mull  ftecr,  and  the  Diftance  of  her  Port. 
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j2.  Cafe  II.  Given  the  Latitude  of  the  Lizard 
49°  55'  N.  and  of  Barbadoes  13°  ic/N.  and 
the  Courfe  490  59/,  to  find  the  Difference  of 
Longitude,  and  Diftance  failed. 


Things  being  prepared  as  before,  fay  ; 

As  the  Log.  Tang,  of  OFE^i0  38'  pCizi  0.10x5x0 


".Scourff-  °fi  KFE=+!’'’  S’' 

So  is  the  Diff.  of  the  Log.l 

Tang,  of  the  \  Comp.  00=3372,6— 3.527965 

of  the  Latitudes  J  - - 

3-603937 

to  theDiff.  ofLong.  required  CD=3 180=  3.502427 


Which  converted  into  Degrees  makes  53 0  ooh 
And  fo  much  is  the  Difference  of  Motion  or  Time 
between  thefe  two  Places.  The  Diftance  on  the 
Rhumb  will  be  found  3429,38—FK/as  before. 


13.  Cafe  III.  Given  the  Latitude  of  the  Lizard 
49°  557N.  the  Diftance  failed  3429,38  Miles 
pn  a  Courfe  490  59'  io/f  South wefterly,  his 
required  to  find  the  Latitude  and  Longitude 
of  the  Place  to  which  the  Ship  is  arrived. 


As  Radius . .  .  10. 

to  the  Diftance  failed  FKz=:3429, 38=3. 535216 

t^o  is  the  Co -Sine  ot }  T>rT~'Ti?  o  /  //  00 

the  Courfe  1  KFE=49°  59'  10^9.808193 


to  the  Diff.  of  Latitude  FF— 2 205==:3. 343409 


Then  from  the  given  Lat.  of  the  Lizard  4 90  55-' 
Subd.  the  Diff.  of  the  Lat.  2205  — 36°  43' 


There  remains  the  Lat.  fought 


10 


And 


a  »  « 
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And  having  thus  obtained  the  Latitudes,  the  Dif¬ 
ference  of  Longitude  will  be  found,  as  per  Cafe  II.  to 
be  3180  Miles  or  53  Degrees  *,  and  fo  the  Operation 
needs  not  to  be  repeated. 

14.  If  it  fo  happen  that  the  Ship  paffes  the  Equa¬ 
tor ,  and  confequently  has  one  Latitude  North ,  the 
other  South ;  then  obferve  two  things  %  firft,  that 
both  the  Complements  of  the  Latitudes  are  to  be 
eftimated  from  the  fame  Pole  of  the  World.  And 
therefore,  fecondly ;  fuppofe  you  fail  from  a  North¬ 
ern  to  a  Southern  Latitude,  you  mud  add  90°  to  the 
former ,  and  fubftrad:  the  latter  from  90°  j  then  fub- 
ftrad:  this  Sum  and  Remainder  from  180°,  and  take 
the  Difference  of  the  Logarithm-Tangents  of  half 
the  Remainders,  as  before. 

15.  Cafe  IV.  Suppofe  I  fail  from  Latitude  48°  30'  N. 
to  Latitude  230  45'  S.  on  a  Courfe  430  5c/ 
Southwefterly  *,  required  the  Difference ,  Lon- 
gitude ,  and  Diftance  failed  ? 

Then  48°  30'-}- 90=128°  30 '  ^  and  90 — 230  45'= 
66°  if.  And 

180 —  66°  1 f=i 13°45/|  4  56°  52/f=io.  185410 
180 — 128°  30/=  5i°30/  f  1 1  25°45;  =  9.683356 

The  DifF.  of  thofe  Tangents  is  .  .  .  5020,54 

Therefore  fay,  for  the  Difference  of  Longitude  ; 

As  the  Log.  Tangent  of  510  38'  f^io.ioi^io 

is  to  the  Diff.  of  the  Log.  Tang.  5020,54=3.700750 
So  is  the  Tang,  of  the  Courfe  430  50=9.982309 

3.683059 

to  the  Diff.  of  Long,  required  38 15,5=3.581549 
That  is,  in  Degrees,  —63°  35'z. 


To 
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To  find  the  Diftance  fail’d  *,  fay. 

As  Radius .  iO. 

to  the  Sum  of  the  Lat.  720  15'— 4  335—3*636989 

So  is  the  Secant  of  the  Courfe  430  501— 10. 141849 

to  the  Dill,  fail’d  in  Miles,  6009,5=3.778838 

1 6.  Thus  you  have  all  „the  Practical  Cafes  of 
Mercator’s  Sailing  performed  by  the  Canon  of  Loga¬ 
rithm-Tangents  only,  without  the  Meridional  Parts  or 
Chart ,  as  in  the  common  Way.  And  fince  this  is 
the  moll  exaht,  and  natural  Method  of  Navigation 
(next  to  the  Globular  Chart  it  felf)  and  wholly  refol- 
vable  by  Logarithms ,  it  adds  not  a  little  to  the  (be¬ 
fore  invaluable)  Eftimation  of  thofe  excellent  Num¬ 
bers  ;  and  renders  their  Ufe  to  Navigators  more  ne- 
cefiary  than  before. 


CHAP.  XIV. 

Of  the  Mensuration  ^/Superficies  and 
Solid  Bodies  by  Logarithms. 


1.  A  Mongft  the  Variety. of  Methods  for  meafuring 
Jf\  the  Surfaces  and  Solidity  of  Bodies ,  I  intend 
here  to  fhew  the  Excellency  of  that  by  Logarithms  ; 
which  may  juftly  be  allow’d  the  Preference  to  all  o- 
thers  in  point  of  Eafe  and  Brevity ,  Advantages  none 
of  the  lead  in  common  Eftimation.  And  fince  thefe 
Operations  confift  altogether  in  Multiplication  and 
Divifion ,  I  need  not  here  repeat  them  by  the  hiftru- 
ments ,  as  having  already  largely  fhewn  the  Man¬ 
ner  thereof  in  a  Chapter  particularly  on  that  Plead. 


V 
t  * 


2. 
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2.  To  meafure  a  Squ are,  Fig.  XII. 

The  L  ogarithm  of  the  Side  multiplied  by  2,  gives 
the  Logarithm  of  the  Area  or  fuperficial  Content . 

Examp.  Let  the  Side  of  the  Square  be  AB=3i,57. 

Then  the  Logarithm  of  AB=3 1,57=1.499275 
which  multiply  by  ....  *  2 

fl*11 

The  Product  is  the  1  A  Drn  c  ^  0 

Area  of  the  Square  JABCD=996, 66=2.998550 


3.  21?  meafure  a  Parallelogram,  Fig.  XIII. 

The  Sum  of  the  Logarithms  of  the  Length  and 
Breadth  is  the  Logarithm  of  the  Area. 

Examp.  The  Length  AB=4i,5  and  Breadth  BC= 

3L57- 

To  the  Log.  of  the  Length  AB=4 1,5=  1.618048 
add  the  Log.  of  the  Breadth  60=31,57=1.499275 

4aBCD==i3I2,  155=3.117323 

4.  To  meafure  a  Rhombus  ABCD,  Fig.  XIV. 

The  Sum  of  the  Logarithms  of  a  Side  and  the 
Perpendicular  Height,  is  the  Logarithm  of  the 
Area. 


The  Sum  isthe  Log 
of  the  Parallelog. 


Examp.  Let  the  Side  AB=i5,5  ;  and  the  Perpen¬ 
dicular  BE =13,42. 

Then  to  the  Log.  of  the  Side  ABz=:  15, 5=1.19033 2 
add  the  Log.  of  the  Perpend. BE=i  3,42  =  1. 127752 


The  Log.  of  the  Area  of 
the  Rhombus 


=208,01=2.318084 


5* 
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5.  To  me  a  fare  a  Rhomboides,  ABCD,  Fig. XV. 

The  Sum  of  the  Logarithm  of  the  longeft  Side, 
and  perpendicular  Height  is  the  Logarithm  of  the 
Area. 


Exam.  Let  the  longeft  Side  AB=i9,5,  and  per¬ 
pendicular  Height  BE=6,07 

Then  to  the  Log.  of  the  Side  AB=  19.5=1.290035 
Add  the  Log.  of  the  Perpend.  BE=6,07=o.  783 1 89 


The  Log.  of  the  Area  of  the 
Rhomboides . 


18,365=2.073224 


6.  To  meafure  a  Triangle  ABC.  Fig.  XVI. 

The  Sum  of  the  Logarithm  of  the  Bafe,  and  of 
half  the  perpendicular  Height  (or  vice  verfd)  is  the 
Logarithm  of  the  Area. 

Exam.  Let  the  Bafe  60=65,25  ;  and  the  per¬ 
pendicular  Height  AG=2 1,5  j  then  1  AG=io.75. 
Therefore, 

To  the  Log.  of  the  Bafe  .  .  .  60=65,25=1.814580 
Add  theLog.ofhalfthePerp.|AG:=  1 0,75=1.03 1408 

The  Log.  of  the  Area  .  .  .  ,=701,4375=2.845988 

7.  To  meafure  a  Circle  ABCD.  Fig .  XVII. 

r  D=the  Diameter. 

In  order  to  this,  let  <  P=the  Periphery. 

£  A=:the  Area. 

Then  the  Rules  or  Theorems  for  finding  thofe  fe- 
veral  Parts  are  as  follows  ; 

E  e 


Thco. 
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Theo.  I.  3.i4i6Dzz:P.  Th.  II.o.7854DD=A. 
Theo.III.  0.3  i83P=D.  Th.IV.o.07957PP=A. 

Theo.  V.v/i.2732A— D.  Th.VI.  1/  i2.5664A=P. 


8.  Therefore  the  Diameter  AB  being  given,  fup- 
pofe  =  20, 15,  to  find  the  Periphery  P?  per 
Theor.  I. 


Thus,  to  the  Log.  of  the 

Diameter . 

Add  the  Log.  of  the  con- 
ftant  Number . 


20.15=331.304275 

.1416=0.497151 


The  Log.  of  the  Periphery  P=63,  30  3,  £5^.= 1 . 80 1 42  6 


9.  Given  the  Periphery  of  a  Circle  P=63,303,  £sV. 
to  find  the  Diameter  D  ?  per  Theor.  III. 


To  the  Log.  of  the  Pe- 7  p 

riphery . 3 

Add  the  Log.  of  the  7 
conftant  Number  .  .  3 


=63.303,  £pV.=  i. 801426 
0.3183,  £*.=9.502837 


The  Log.  of  the  Diameter  D  or  AB=20. 15=1. 3042  63 


10.  Having  the  Diameter  given,  fuppofe=2o.i5, 
to  find  the  Area  A  of  the  Circle  ?  per  Theor.  II. 

Idle  Log.  of  the  Diameter  . .  AB=2o.  15=1.304275 
Multiply  by .  2 


The  Product  is  the  Log.  of 
To  which  add  the  Log.  7 
oftheconftantNumb.  3 


.  .  DD=2. 608550 
0.7854=9.895091 


1  reaLo°f  the  Grde  }  ACBD=3 1 8,89,^=2.50364! 


2  II 
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i  i.  Or  thus  fuppofing  the  Periphery  given, =63, 303, 

&c .  per  Theor.  IV. 

To  twice  the  Log,  of ....  .  P=63.303=| 

Add  the  Lop;,  of  the  condant  1  n 

Number  . . .  f  o.o7957=8.9oo?49 


The  Sum  is  the  Lop;,  of 


the 


am  is  tne  L.og.  or  ]  -  0  0  r 

Area . 0  _  \  A=3i8589,  £*.=^2.503601 


12.  To  meafure  the  Sector  of  a  Circle  ACB, 

Fig.  XVIII, 


The  Sum  of  the  Logarithms  of  the  Radius ,  and 
i  the  Arch  (or  of  the  Arch  and  half  the  Radius)  is 
the  Logarithm  of  the  Area. 

Examp.  Suppofe  the  Radius  A 0=12.36,  and  the 
Arch  AB  10,12  ;  then  |AB=5,ii. 

Then  to  the  Log.  of  Radius  AC=i  2, 36=1.09201 8 
Add  the  Log.  of . £AB=5,i  1=0.707570 


The  Log.  of  the  Area?  A  ^  r  c  no 

'  of  the  Seftor . J  ACB=63, 2596=1.799588 


13.  To  meafure  the  Segment  of  a  Circle,  as 

AFBG,  Fig.  XIX. 

The  bed:  way  is  to  find  the  Centre  C ;  as  by  this 

Theorem,  viz.  W— FG=N  then  =  CG ; 

5  2 

s 

whence  C  is  given  ;  and  finding  the  Area  of  the 
whole  Sector  ACBG,  (as  per  lad  Article.)  and  the 
Area  of  the  Triangle  ABC,  ( per  Art.  6.)  if  the  latter 
Area  be  fubdudled  from  the  former,  it  will  leave 
the  Area  of  the  Segment  required,  AFBG. 


Ee  2 


14. 
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14.  To  meafure  a  Sphe  rical  Triangle,  ABC. 

Fig.  XX. 

From  the  Sum  of  the  three  Angles  A,  B,  C,  take 
180  Degrees  •,  then  from  the  Logarithm  of  the  Re¬ 
mainder  fubdud  the  Logarithm  of  the  conftant  Num¬ 
ber  720  ;  to  that  Remainder  add  the  Logarithm  of 
the  Superficies  of  the  whole  Sphere  ;  the  Sum  fhall 
be  the  Logarithm  of  the  Area  required. 

Exam.  Let  the 5^  ^  0° 

Angles  be  3° 

°  CC— 60  45 


Their  Sum  is  ...  .  190°  45' 

Subftrad . 180  00 

There  remains  ....  io°  45' =  10,75  : 
Subdud  the  Logarithm  of . 720 


SuppofetheSuperiiciesofthe  7 
Sphere . 3 


I257 


’3 


Log. 
I.O3I408 
:  2.857332 

8.174076 

=3-099439 


TheSumistheLog.ofthei  4BC_  6 

Area  of  the  Triangle.,  j  ^ 

15.  To  meafure  an  Ell  1  psis,  as  ACBD,  Fig.XX I. 

The  Sum  of  the  Logarithms  of  the  Tranfverfe 
Diameter  AB,  the  Conjugate  Diameter  CD,  and  the 
conilant  Number  0.7854  i  is  the  Logarithm  of  the 
Area. 

Exam.  Let  AB=6i,6,  and  CD— 44,4. 

r  AB=6 1,6=1 .78958  j 
Then  add  the  Logarithms  of-J  CD— 44,4— 1.647383 

t  N. 0.7854— 9.895091 

The  L  eg.  of  the  Area  7  0  r  j 

of  Ellipfis . (=2x48,1004, £*.=3-332055 

1 6. 
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i 6.  To  meafure  a  Parabola,  as  ACD,  Fig .  22. 


From  the  Sum  of  the  Logarithms  of  the  Bafe  AB„ 
the  perpendicular  Height  CD,  and  the  Number  2, 
fubftraft  the  Logarithm  of  3  ;  the  Remainder  is  the 
Logarithm  of  the  Area. 

Exam.  Let  AB=6i,6,  and  CD=44,4;  as  in  the 


Ellipfe. 
Then  add  the 


r  AB=6i, 6=1. 789581 
Logarithms  of  <  C 0=44, 4= 1.647383 

Land  N.  2=0. 301030 


3737994 

Subftrad  the  Logarithm  of  .  .  .  . 3=0.477121 

The  Log.  of  the  Area  required=i  823,36=3.260873 


1 7 .  To  meafure  anyREGULARPoLYGON,  Fig.  XXI 1 1. 


In  order  to  this  the  following  Table  will  be  very 
expedient. 


A  Table  for 
the  more 
ready  find¬ 
ing  the  A- 
rea  of  any 
Regular 
Polygon. 


'  Sides. ' 

Names. 

Numbers. 

5 

Pentagon. 

1.72048 

6 

Hexagon. 

2.59808 

<  8 

Heptagon. 

^O&agon. 

3.63896 

4.82843 

9 

Enneagon. 

6.18183 

10 

Decagon. 

7.69421 

1 1 

Endecagon. 

8.51425 

^ ?2  . 

Dodecagon. 

_  9-33012 

Then  the  Sum  of  double  the  Logarithm  of  the 
Side  of  the  Polygon,  and  of  the  Number  in  the 
Table  proper  to  it,  is  the  Logarithm  of  the  Area. 

Exam.  Let  the  Pentagon  ABCDE  be  propofed, 
and  let  its  Side  be  AB=i4,6, 


Then 
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Then  twice  the  Logarithm  of  AB=  14,6  j  *  *  *  ^4353 
Add  the  Log.  of  the  tabular  Numb.  1.72  048  — o.  2  3  5  649 

The  Log.  of  the  Area  required =3 66, 7 4— 2.564355 

In  the  fame  manner  you  find  the  Area  of  any  o- 
ther  Polygon  mention’d  in  the  Table. 


18.  Of  the  Mensuration  of  Solids. 

To  meafure  a  Cube  ABCDFGE,  Fig.  XXIV. 

i 

Three  times  the  Logarithm  of  the  Side  is  the  Loga¬ 
rithm  of  the  Solidity. 

Exam.  Let  the  Side  AB  =  31.57  —  1.499275 
Multiply  by  .....  .  3 

The  Log.  of  the  Solidity  .  .  .  31464,81=4.497825 

^  / 

19.  To  meafure  a  Par allelopipedon  AD, 

Fig.  XXV. ' 

The  Sum  of  the  Logarithms  of  the  Breadth , 
F)epth7  and  Length ,  is  the  Logarithm  of  the  So¬ 
lidity. 

Exam.  Let  the  Width  AB=2i,56  *s  the  Length 
AG=3i,57  *,  and  Depth  GF=9,03. 

^0=31,57==  1.499275 
Then  add  theLogarithmsof-J  AB  =2 1,56—1 .333649 

(GF=  9,03=0.955688 

The  Log.  of  the  Solidity  7  =6  6  6  8g6i2 

required .  i  ^  7 

20.  To  meafure  a  Prism  ABCDEF,  Fig.  XXVI. 

Firft  find  the  Area  of  the  Bafe ,  whether  a  Friangle , 
Square*  See.  Then  the  Sum  of  the  Logarithms  of 
4  ■  the 
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the  faid  Area ,  and  Length  of  the  Prifm ,  Is  the  Lo¬ 
garithm  of  its  Solidity . 

Exam.  Suppofe  a  Prifm  of  a  triangular  Bafe ,  as  in 
the  Figure,  then  let  its  Area  be  ABC=70i,4375, 
and  its  Length  BD=:  70,15- 
Then  add  the  Loga-f  ABC=70  1,4375=2.845988 
rithmsof  both  .  .  .  t  BD=  70,  15  =1.846028 

The  Log.  of  the  Solidity=:49205,84,6sjV.=4.692oi  6 

21.  To  meafure  a  Pyramid  ABCDE.  F/g’.XXVIL 

Firfi:  find  the  Area  of  its  Bafe ,  whether  triangular „ 
quadrangular ,  &c.  then  the  Sum  of  the  Logarithms 
of  the  Area  of  the  Bafe,  and  i  of  the  'perpendicular 
Height \  is  the  Logarithm  of  the  Solidity . 

Exam .  Let  the  Prifm  have  a  quadrangular  Bafe 
ABCD=342,25  and  the  perpendicular  Height 
GE=i8o  *,  then  4  GE=6o. 

Therefore  add  the  Lo-  C  A  B  C  D  =3  42 , 2  5 =2 . 5  3  4  3  4  3 
garithms  of . t  iGE=6o=i. 778151 

The  Log.  of  the  Solidity  .  .  .  :  .  =20535=4.312494 

22.  To  meafure  aCYLiNDER  ACBDEF^ 

Fig.  XXVIII. 

The  Sum  of  the  Logarithms  of  the  Area  of  its 
Bafe,  and  of  the  Height ,  is  the  Logarithm  of  the 
Solidity. 

Exam.  Let  the  Area  of  the  Bafe  be  380, 1 5=AGBH  ; 

and  the  Height  BD=50,05, 

Then  add  the  Loga-C  AGBH=38o, 15=2. 579955 
rithmsof . t  BD=5o, 05=1. 699404 

Log.  of  the  Solidity  .  .  ,  =1902  6, 5075=4. 2  79  3  59 

22, 
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22.  To  meaiure  a  Cone  AEBFD,  i^.XXIX. 

The  Sum  of  the  Logarithms  of  the  Area  of  the 
Bafe ,  and  i  of  the  perpendicular  Height,  is  the  Lo¬ 
garithm  of  the  Solidity. 

Exam.  Let  the  Area  of  the  Bafe  be  100.7  5= AEBF  ? 
and  the  perpendicular  Height  CD=i9,95  ♦,  and 
therefore  ;jCD=6,65. 

Then  add  the  Loga-c  AEBF=ioo, 75=2. 003245 
rithms  of . t  1CD=6,65= 0.822822 

The  Sum  is  the  Log.  of  the  1  0  a  r  r 

Solidity . f . £669,9875=2.826067 

23.  To  meafure  the  Frustum  of  a  Pyramid. 

Fig.  XXX. 

If  it  be  a  fquare  r  D=Side  of  the  greater  Bafe  AB. 
BafeasABCDHd  =Side  of  the  lefierBafe  EF. 
then  put  .  .  .  lD — d=^and  H=tbe  HeightGO. 

Then  we  have  this  Theorem  Dd-f-i#*  x  H=  the 
Solidity. 

Exam.  Suppofe  D=50,  d=2i  ;  and  H=i05,6; 
then  D — d=x=29. 

rD=50.  .  =  1.698970 
Then  add  the  Logarithms  ofjd  =21  .  .=1.322219 

t  H=io5, 6=2.023664 

The  Logarithm  of .  .  .  .  DdH=i  10880=5.044853 
Again, add  theLogamhmsof  |  ^^£^664 

The  Logarithm  of  ....  -§##11=29603, 2=4.47 1337 
To  which  add . DdH=i  10880 

The  Sum  is  .  .  .  Dd-[-j##xH=i 4048 3,2=  the  Soli¬ 
dity  required. 

2  4. 
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24.  But  if  the  Bafes  of  the  Fruftum  be  triangu¬ 
lar  ;  the  Theorem  is  Dd-f-iwc  x  0,43  3 H= the  Soli¬ 
dity.  Again,  if  the  Bafe  be  any  of  the  regular  Po¬ 
lygons  ;  then  put  N  =  the  Number  in  Table  at 
Art.  1 7.  proper  to  the  Polygon,  and  the  Theorem 

will  be  Dd+'j**1  x  NH=the  Solidity. 


25.  To  meafure  the  Fruftum  of  a  Right  Cone. 

Fig.  XXXI. 


Let  D=the  Diameter  of  the  great  Bafe  AB,  and 
d=the  Diameter  CD  of  the  leffer  Bafe  •,  D — 
and  H=sthe  perpendicular  Height,  as  before  *,  then 

the  Theorem  for  the  Solidity  will  be 

___  1,27323 

or  thus  Dd+toxo.7854H=Solidity. 


Exam .  Let  AB=i6,  CD~i2,  and  GO=9  :  then 
D — »d— x— 4;  and ^xx=^^:  alfoDd=i92;  and 
fo  Dd+i^=i97,3'. 


Then  add  the  Loga¬ 
rithms  of . 


1 


Dd+^#=  197,7=2.295199 
0.7854=9.89509 1 
H=  9—0. 954242 


The  Log.  of  the  Solidity  . .  =i  394,8704^=3. 14453  2 


26.  To  meafure  a  Globe  or  Sphere  ACBD, 

Fig.  XXXII. 

The  Sum  of  the  triple  Logarithm  of  the  Diameter, 
and  the  Logarithm  of  the  conftant  Number  0.5236 
is  the  Logarithm  of  the  Solidity  of  the  Sphere. 

Exam.  Suppofe  the  Diameter  of  a  Sphere  AR= 
50,37* 


F  f 


Then 


/ 
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f  AB— 50,37=1.702172 

Then  add  the  Logarithms \  1. 70217- 

D  |  -  1. 702172 

L  0,5236—9.718999 

The  Leg.  of  the  Solidity  >  0 

of  the  Sphere . {=66913,8=4.825515 


27.  To  meafure  the  Superficies  of  a  Sphere. 

The  Sum  of  Logarithm  of  double  the  Diameter, 
and  the  conftant  Number  5.1416,  is  the  Logarithm 
of  the  Superficies  of  the  Sphere. 

j Exam.  Let  the  Diameter  AB— 50. 37. 

r  AB=50. 37= 1. 702 172 
Then  add  theLogarithms  of  <  1.702 1 72 

t  3,1416=0.497151 

The  Log.  of  the  Superficies  ....  7970,7=3.901495 

28.  To  meafure  the  Segment  of  a  Sphere, 

Fig.  XXXIII. 

r  D=The  Axis  or  Diameter  of  the  Sphere  CD. 
Let  \  C— Half  the  Diam.  of  the  Segment’s  Bafe  EB. 
tH=The  Height  of  the  Segment  ED. 

Then  we  have  the  two  following  Theorems  for  find¬ 
ing  the  Solidity. 

^  Theor.  I.  3 CCH-j- H'xo. 52 36mthe  Solidity. 
I  'Fheor.II.3DH2 — 2H3xo.5236=the  Solidity. 


29.  To  meafure  a  Spheroid  ACBDA, 

Fig.  XXXIV. 

The  Sum  of  the  double  Logarithm  of  the  Lejfer , 
the  Logarithm  of  the  Greater  Diameter,  and  the!: 

conftant  I 
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conftant  Number  0.5236,  is  the  Logarithm  of  the 
folid  Content  of  the  Spheroid . 

Exam .  Let  the  leiTer  Diameter  CD—33  ;  and  the 
greater  Diameter  AB=55. 

Then  the  double  Log.  of  „ .  .  €0=33!  ~  I,5I^51 4 

°  (=1.518514 

The  Logarithm  of . AB=55=i.74036g 

The  Logarithm  of . 0.5236=9.719000 

The  Log.  of  the  Solidity  . .  =31361,022=4.496391 

—  * 

30.  To  meafure  the  Segment  of  a  Sphe rqi d. 

As  the  Solidity  of  the  Sphere  AFBE  is  to  the  So¬ 
lidity  of  its  Segment  AGK  ;  fo  is  the  Solidity  of 
the  Spheroid  ACBD  to  its  like  Segment  ALII. 

31.  To  meafure  a  Parabolic  Conoid  ACBD, 

Fig.  XXXY. 

The  Sum  of  the  double  Logarithm  of  the  Dia¬ 
meter  of  the  Bafe ,  the  Logarithm  of  the  Height ,  and 
conftant  Number  a. 392 7  ^  is  the  Logarithm  of  the 
Solidity  of  the  Conoid. 

Exam.  Let  the  Diameter  of  the  Bafe  AB— 55  ;  and 
its  Height  CD—33. 

Then  the  double  Log.  of.  .  ,AB=  35  \  -^x,74°j^3 

&  jj  1  —1.740363 

The  Logarithm  of . CD= 33  =  1.5 18514 

The  Logarithm  of  .  .  . . 0.3927=9. 594061 

The.  Logarithm  of  the  Solidity  39201 ,4=4.593301 


Ff  2 


32* 
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22.  To  meafure  the  Frustum  of  a  Parabolic- 

Conoid,  Fig.  XXXVI. 


r  D=Diameterof  the  gf  eater  BafeAB, 
To  this  end,  let  <  d  =Diameter  of  the  leffer  Bafe  CD. 

L  H=the  Height  of  the  Frufium  FE. 


Then  we  have  this 

*  .  ,  ' 

Theorem  .  .  . . 


f 


DD-{-ddxo.  392  7H=theSolidity, 


3.  To  meafure  a  Parabolic  Spindle, 

Fig.  XXXVII. 


The  Sum  of  the  double  Logarithm  of  its  Thick- 
pefs,  the  Logarithm  of  its  Length,  and  the  Loga¬ 
rithm  of  the  conftant  Number  0.41888,  is  the  Lo¬ 
garithm  of  the  Solidity  of  the  Spindle. 

Exam.  Let  the  Diameter  of  its  greatefi  Circle ,  or 
Fhi chiefs  AB=43,45  *,  and  the  Length  CD= 
5°>°75- 

Then  the  double  Log.  of  AB=43,4.ff|  * 

The  Logarithm  of  ....  .  CD=50,075=  1.69962 1 
The  Logarithm  of . 0.41888=9.622090 


The  Log.  of  the  Solidity  .  .  =39599,6^=4.597691 


34.  To  meafure  any  of  the  Five  Regular  Bodies, 

Fig.  XXXVIII. 

For  this  purpofe  the  following  Table  is  neceflary. 
Names.  n  rSuperficies.  r  Solidity,  n 


Tetrahedron 


!. 73205 


0.1 1785 


<(  Octahedron  3.46410  <(047140  b 


Hexahedron 
Icolhhedron 
Dodecahedron - 


6.00000 
8.6602  5 
^20.64573 


1. 00000 
2.18169 
^7.66312  j 

Exam. 
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Exam*  Suppofe  the  Side  AB=  12,  of  the  Icofahedron 5 

i%.  XXXVIII. 

.The  Sum  of  the  Logarithm  of  the  tabular  Num¬ 
ber  ,  and  double  Logarithm  of  the  Side  is  the  Loga¬ 
rithm  of  the  Superficies  \  and  the  Sum  of  the  Loga¬ 
rithm  of  the  tabular  Number ,  and  triple  Logarithm 
pf  the  Side,  is  the  Logarithm  of  the  Solidity. 

Thus  the  double  Log.  of .  .  .  AB—12  \  — 1-°791^1 

&  t  =1.079 18 1 

The  Log.  of  the  tab .  Number  . .  8,66025=0.937530 
The  Log.  of  the  ^^^  =  1247,0688=3.095892 

Again  the  Logarithm  of  .  .  .  AB— 12=1.079181 


3*23754S- 

Add  the  Log.  of  the  Numb .  2.18169=0.338793 
The  Log.  of  the  Solidity  ,  =3769,9458=3.576336 

35.  Thefe  Propofitions  are  fufficientfor  meafuring 
any  Superficies  or  Body  in  common  Ufe  ;  and. 
the  great  Eafe  and  Concifenefs  of  performing  the 
fame  by  Logarithms,  is  abundantly  manifefi:  from 
thefe  Examples. 


e  h  a  p. 


Mensuration  applied 


£22 

t 


C  H  A  P.  XV. 


The  Doctrine  of  Mensuration  applied  to 
Gauging,  Measuring  Timber,  and 
Surveying;  wherein  the  Practical  Use 
of  the  Plain  Scale  and  Sliding  Rule, 
for  thefe  Purposes  y  is  dearly  explain'd* 


i,  IN  the  preceedhig  Chapter  you  have  the  prac- 
JL  tical  Method  of  abfolute  or  general  Menfuration 
of  the  Content  of  Superficies  and  Solids ,  laid  down  in 
divers  Proportions  ;  my  Bufinefs  is  here  to  apply 
that  general  Docftrine  to  particular  Ufes  as  thofe  of 
Gauging ,  Timber -Me  afar  and  Surveying.  For  tho’ 

I  there  fhew’d  how  the  Dimenficns  of  Bodies  might 
he  exprefs’d  in  Numbers ;  yet  ftnee  thefe  Numbers 
reprefent  divers  kinds  of  Quantities ,  as  Niches,  Feet , 
Yards ,  Poles ,  Chains ,  &c.  at  pleafure*  fo  they  are 
equally  fubfervient  to  thofe  feveral  Arts  above -men¬ 
tion’d,  and  muft  be  reduced  to  thofe  Denominations 
or  Me  afar  es  which  are  peculiar  to  each.  I  fhall  begin 
therefore  with 


2. 


Gauging. 


In  this  Art  the  Dimensions  are  taken  in  Inches , 
and  Decimal  Parts  thereof  (or  muft  be  reduced  to 
inch  ;')  and  by  Inches  is  here  to  be  underftood  fold 
or  cubic  Inches  ;  and  that  as  well  in  fuperficial  as 
folid  Me  afire.  For  though  it  be  improper,  geome¬ 
trically  f peaking,  to  a  fen  be  Yhicknefs  to  a  Superficies , 
the  Gaugers  always  confder  them  as  one  Inch  deep , 
and  accordingly  compute  the  fuperficial  Content  in 
Gallons ,  ox  J olid  Me  a  fire. 


rt 

O' 
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3.  As  Inches  are  the  lineal  Dimenjions  of  Gaugers , 
fo  Gallons  are  the  common  Quantities  of  their  folid 
Meafure ,  of  liquid  Subftances  efpecially  *,  and  Bufhels 
for  folid  dry  Meafure ,  as  Malt,  Corn ,  &c.  Now 
the  fiandard  Gallons  and  Bufhel,  as  ufed  in  England * 
are  as  follows  :  the  or  Beer  Gallon  =282 
Inches %  the  Wine  Gallon  =  231 ;  the  CV/z  Gallon 
=268,83  and  the  C<5r/z  Bujhel  =  2150,42  CafoV 
Inches. 

4.  From  whence  it  follows,  that,  fuppofing  the 
Dimenfions  of  the  Superficies  in  the  foregoing  Chapter 
taken  in  Inches ,  the  feveral  Area's,  or  fuperficial 
Contents ,  will  by  the  Gauger  be  underftood  to  be  fo 
many  folid  or  cubic  Inches  ;  which  therefore  if  he  di- 

,  vide  by  282,  231,  268,8,  or  2150,42,  the  Quo¬ 
tients  will  be  the  feveral  Contents  in  the  refpedtive 
Gallons  or  Bufhels.  For  inftance ,  in  Fig.  XII.  the 
Side  of  the  Square  AB=3i,57  Inches,  and  the 
Area  was  therefore  found  (Art.  2.)  to  be  99 6y66 
folid  Inches. 

{282  )996,66(=3,53  Ale  Gallons. 

23 1  )996,66(= 4,31  Wine  Gallons. 
268,8  )996,66(=3,7 07  Corn  Gallons. 

2 1 50, 42)996,66^=0, 46  Com  Bufhels. 

5.  But  fince  Multipliers  are  the  Reciprocals  of  D/- 
vifors ,  therefore  Unity  divided  by  thefe  Divifors  will 
produce  fo  many  Multipliers.  Thus, 

282  )i.ooooo(=o. 003546  the  Mult,  for  A.  Gall. 
231  )  1. 00000(1=0.004329  the  Mult,  for  W.  Gall. 
2688  )i.ooooo(=o. 003722  the  Mult,  for  C.  Gall. 
2 150, 42)1. 00000^=0.000465  the  Mult.  forC.  Bufh. 

Confequently,  if  any  Area  be 

f  282  "1  f  0.003546*1  the  Area  C  A.  Gall. 

Divided!  231  I  or  multi-  |  0.004329  (  will  be  J  W.  Gall, 
by  .  .  J  268.8  1  plied  by  j  0.003722  (* expreffed  j  C.  Gall. 
L2,5°342J  ^0.0004653111  ....  l^C.  Buih. 

6. 
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6.  In  order  to  work  thefe  Dimensions  by  the  ar¬ 
tificial  Line  of  Numbers ,  either  on  the  Plain  Scale * 
or  Sliding- Rule ;  put  B=Breadth,  L=Length,  D 
=Depth  or  Thicknefs,  G=Standard  Gallon  ;  and 
A=Area,  and  S=Solid  Content  in  thofe  Gallons, 

c.  Then  for  Superficies ,  ~  =  A ;  and  fo  LB 

Vj 

s=AG  ;  therefore  G  :  B  ::  L  :  A.  That  is,  the  Ra¬ 
tio ,  or  Logarithm  of  the  Ratio  of  the  Standard  Gal¬ 
lon  to  the  Breadth ,  is  equal  to  that  of  the  Ratio  of 
the  Length  to  the  Area  in  Gallons.  Wherefore  fup- 
pofing  Br=3i  ?57’  ^  ==41,5  (as  in  the  Parallelogram 
Fig.  XIII.  Art.  3.)  if  you  fetone  Foot  of  the  Com- 
paffes  in  282,  and  extend  the  other  to  31.57,  that 
Extent  will  reach  from  the  Length  41,5  to  4  ts 
Gallons,  Ale  Meafure.  Or,  on  the  Sliding-Rule , 
fet  282  on  the  Rule  to  31,57  on  the  Slider,  then 
againft  41,5  on  the  Rule  is  4  A  on  the  Slider,  the 
Area  in  Ale  Gallons ,  as  before  ;  and  thus  the  Area 
is  found  in  Wine  or  Corn  Gallons. 

7.  Again,  Since  AD— Sx  1,  therefore  1  :  A::D:S. 
That  is,  the  Logarithm  of  the  Ratio  of  Unity  1  to 
the  Area  in  Gallons  A,  is  equal  to  that  of  the  Ratio 
of  the  Depth  (or  Height)  D  to  the  Solidity  (or  Ca¬ 
pacity)  S,  in  Gallons  of  the  fame  kind.  Where¬ 
fore  if  B=r2i, 56,  L—31,57,  D=9,c>3,  as  in  Pa- 
ral’elopipedon,  Fig.  XXV.  then  G=282  :  B=2i,5^ 
::  L=3i,57  :  A— 2 A  the  Area  in  Ale  Gallons  ;  con- 
fequently  1  :  A— 2  A  ::  0=9,03  :  S==2i  A,  the  fo- 
lid  Content  in  Ale  Gallons.  Where  extend  the 
Compares  from  Unity  to  the  Area  2  A,  the  fame 
Extent  will  reach  from  the  Depth  9,03  to  the  fclid 
Content  21  A  Gallons.  Or,  on  the  Jliding  Rule ,  fet 
Unity  1  on  the  Rule  to  the  Area  2  A  on  the  Slider, 
then  againft  the  Depth  9,03  on  the  Rule  you  have 
21  A  the  [olid  Content  in  Ale  Gallons  on  the  Slider. 
Thus  the  Method  of  finding  the  Content  or  Capa¬ 
city  of  fquare  or  rectilinear  Area's  or  Bodies  in  Aley 

Winey 
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Wine^  or  Corn  Gallons  is  exceeding  plain  and  eafy 
by  the  Single  Gunter  and  Sliding-Rule. 

8.  In  cafe  of  circular  Area's ,  fince  they  are  all  in 
the  Ratio  of  the  Squares  of  their  Diameters  ;  and 
fuppohng  the  Diameter  of  a  Circle  1  Inch,  the  Area 
will  be  0,7854  Decimal  Parts  of  a  Cubic  Inch ;  there¬ 
fore  having  the  Diameter  of  any  Circle  given  in 
Inches,  if  the  Square  thereof  be  multiplied  by  0.7854, 
the  Produdl  will  be  the  Area  of  that  Circle  in  Cubic 
Inches.  Let  D— the  Diameter  of  a  Circle,  a— o.  7  8  54, 
GzrStatidard  Gall,  and  A  =  Area  of  the  Circle  in 
fuch  Gallons,  as  before.  Then  1  :  a  ::  DD  :  DDa=iArea 
in  Inches ;  therefore  DDa=GA ;  and  fo  G  :  a  ::  DD 

Q 

:  A  =  Area  in  Gallons.  But  a  :  G  ::  1  :  —  =  the 

a 

Square  of  the  Diameter  of  that  Circle,  whofe  Area 
is  G.  Wherefore  fince  DD  =  ™  A, 

a 

thereforeiftheSquare  fo.7854)  282.0000(11=  359’°5 
of  the  DiameterDD  J  0.7854)  231.0000(1=  294.12 

be  divided  by  2.  =  ]°-7$54)  268.8ooo(=  342.24 
J  a  £  0.7854)2150, 4200(1=2737. 92 

or  the  feveral  Divifors  359,05  ;  294,12,  &c.  then 
thefe  Quotients  will  be  the  Area  of  the  Circle  in 
Ale,  Winey  &c.  Gallons. 

9.  Or  thus,  iince  DD  x  =  A  ;  therefore  if 

the  Square  of  the  Diameter  DD 

282  )o  7854(0.0027 85 
231  )o.  7854(0. 003389 

2688  )o. 7854(0. 002922 

2 150,42)0.7854(0.0000036 

the  feveral  Products  will  be  the  Area  in  Ale,  Wine, 
&c.  Gallons,  as  before.  Suppofe  the  Diameter  of 

a  Circle  D—50  Inches,  then  DD=2500  •,  and  put  the 

o 

^onftant  Divifor  ~  =  dd  =  3593°5  »  294>I2>  &c- 

G  g  Then 


be  multiplied 

by  5  = 
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Then  fince  ixDDzrddA,  therefore  dd  :  DD  ::  i 
:  A  =  the  Area  in  Gallons.  Therefore  v/ith  the  Com- 
paffes  fet  one  Foot  in  359,05  extend  the  other  to 
2500,  the  fame  Extent  will  reach  from  1  to  6  to  =• 
the  Gallons  in  the  Area  of  the  propofed  Circle. 

10.  Otherwife  thus;  put  g  =  dd-=.  0.002785  ; 

0.002389,  &c.  (fee  Art.  9.)  then  becaufe  TDDdd 
=  A  x  1  ;  therefore  we  have  1  :  DD  ::  dd :  A  ;  or 
1  :  dd::  DD  :  A.  If  then  you  fet  1  on  the  Rule  to 
0.00278  on  the  Slider,  you  will  fee  again!!:  2500  on 
Rule  6  7%  on  the  Slider,  the  Gallons  of  Ale  in  the 
Area  of  that  Circle  ;  and  thus  you  find  the  Gallons 
of  Wine,  Corn,  iPc.  both  by  the  dll  ding- Rule  and 
Plain  Scale. 

11.  Again,  putting  H  Height  of  a  Cylinder, 
and  D  =  the  Diameter  of  its  circular  Bafe  ;  alfo  S 
™  the  (olid  Content  or  Capacity  in  Gallons ;  then 
dd:  DD  ::  ( 1  :  A  ::)  H  :  S.  Now  let  D  =  50  Inches, 
and  H  —  1 5,  the  Area  of  fuch  a  Cylinder  will  be 
thus  found  by  the  Sliding-Rule .  Set  359,05  on  the 
Slider,  to  2500  on  the  Rule;  then  again!!:  15  on 
the  Siider,  is  104  on  the  Rule  ;  and  fo  many  Gal¬ 
lons  of  Ale  would  fuch  311  hollow  Cylinder  contain. 

12.  But  fince  dd:i::DD:A,  (Art.  9,)  there¬ 
fore  d :  1  ::  D  t  J  A  ;  and  for  the  fame  Reafon  d 

:/H::D  YS.  Confequently,  if  a  Jingle  Line  cf 
'Numbers  be  made  to  hide  by  a  double  one ,  if  you  fet 
d  on  the  Jingle  one  to  1  on  the  double  one,  then  again!t 
D  on  the  former ,  you  have  A  on  the  latter.  Alfo, 
if  again!!  d  on  the  jingle  Line ,  you  fet  FI  on  the 
double  one  ;  then  again!!  D  on  the  former,  is  S  on 
the  latter.  By  this  means  therefore,  having  only 
the  Diameter  and  Height  of  a  Cylinder ,  the  Area  of 
the  Bale,  and  folid  Content  of  the  laid  Cylinder,  is 
immediately  known.  The  Reafon  of  the  Method 

here 
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he  re  delivered,  appears  from  what  has  been  already 
fa  id  in  the  Chapter  of  Inftrumental  Operations. 


13.  Now  d  = 

W  359>°5-i8^95 
\  j/  294,12— 17,15 

1  ^342,24— 18.  5 

l.C'  2737,92=52,32 


Which  Numbers 
are  called  the 
Gauge  Points 
for . „ 


Ale  Gall 
Wine  Gall 
Corn  Gall. 
Corn  Bufii. 


And  accordingly  on  the  fingle  Line  of  Numbers  a- 
gainft  thofe  Gauge  Points  there  is  a  fmaJl  Stroke  (J), 
by  which  are  fet  the  Capitals  AG,  WG,  MB,  to 
fignify  they  are  the  Gauge  Points  for  Ale  Gallons , 
Wine  Gallons ,  and  Malt  Bujhels. 

14.  Therefore  in  the  foremention’d  Cylinder,  whofe 
Height  H  was  ±=15  Inches;  and  the  Diameter  of 
its  Bafe  D  =z  50  ;  in  order  to  find  the  Area  of  the 
Bafe,  and  Capacity  of  the  Cylinder  in  Gallons,  by 
the  Sliding- Rule  •,  fet  1  on  the  Slider  to  the  Gauge 
Point  for  Ale  18.95  on  the  Jingle  Line ,  then  againft 
the  Diameter  D  =  50,  on  the  fingle  Line  is  6  Lon 
the  double  Line  on  the  Slider,  the  Gallons  of  Ale  in 
the  Area  of  the  Bafe. 

Secondly,  Set  the  Gauge  Point  1 8.95  to  the  Height 
1 5  on  the  Slider,  then  againft  the  Diameter  50  on 
the  fingle  Line  is  104  z=S  on  the  double  Line  or 
Slider  *,  therefore  the  Capacity  of  the  Cylinder  is 
104  Gallons,  Ate -Me  a  Jure ,  as  before. 

15.  Or  thus,  with  the  fingle  Line  and  Compares 
only.  Set  one  Foot  in  the  Gauge  Point  18,95,  and 
extend  the  other  to  D  =  50,  this  Extent  turn’d 
twice  over  from  1  will  fall  on  6  A  =  A  =  the  Area 
of  the  Bafe  in  Gallons  of  Ale.  The  folid  Content, 
in  this  Cafe,  will  fall  beyond  the  fingle  Line,  or  elfe 
might  be  performed  in  the  fame  manner. 

16.  With  the  double  Lines  of  Numbers,  on  the 
Sliding  Rule,  thus.  Set  the  Gauge-Point  18.95  on 
the  Rule  to  the  Diameter  50  on  the  Slider,  and  mark 
the  Number  on  the  Slider  againft  1  on  the  Rule  ; 

G  g  2  then 
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then  againft  that  Number  on  the  Rule  you  have 
6  t9o  =  A  the  Area  of  the  Bafe  on  the  Slider.  Alfo 
mark  the  Number  on  the  Slider  againft  the  Height 
15  on  the  Rule,  then  againft  that  Number  on  the 
Rule  is  104  on  the  Slider,  the  Capacity  of  the  Cy¬ 
linder  as  before  ;  and  thus  both  the  Area  and  Soli¬ 
dity  are  found  at  once  fetting  the  Rule.  The  fame 
is  performed  by  the  double  Line  and  Compaftes, 
thus ;  Set  one  Foot  in  the  Gauge  Point  18,95,  and 
extend  the  other  to  the  Diameter  50,  the  fame  Ex¬ 
tent  will  reach  at  twice  from  1  to  6  fV  the  Area  \ 
and  from  the  Height  15  to  104  folid  Capacity  in 
Ale  Gallons. 

1 7.  In  this  manner  may  Gauge-Points  be  found 
for  right-lined  Areas :  for  let  any  fuch  Area  given 
in  Cubic  Inches  be  called  a  ;  then  (by  Art.  6.)  1  x  a 
=  GA,  and  fo  G;  a  ::  1  :  A  ;  or  thus  G  :  1  ::  a:  A  •, 
therefore  G  :  1  ::*/  a  :  V  A. 


Therefore  J  v^-2^.  the  Gauge 


f  AleG. 

V it  =  1  ^  23i _ — I5-I9=  \"pofntZA  w- G- 

ii/2 1 50.42=46.36— J  LBufh. 

Call  thefe  Gauge  Points  d  ;  then  d :  1  :  V  a  :  V  A  = 


the  Area  in  Gallons.  Alfo  d :  V  H  ::  s/  a  :  S  = 
the  Solidity  in  Gallons.  Whence  you  may  obferve, 
that  right-lined  Areas ,  as  well  as  circular  ones ,  may 
be  found  in  Gallons,  by  the  Jingle  and  double  Line  of 
Numbers  hiding  by  each  other;  but  not  the  Soli¬ 
dity  of  fuch  Solids,  there  being  three  Perms  of  the 
four  variable,  in  the  Analogy  for  that. 

18.  But  notwithftanding  this,  there  is  a  Method 
whereby  the  Solidity  or  Capacity  of  Solids  or  Veftels 
may  be  found  (without  knowing  the  Areas  atallj 
by  the  Breadth ,  Length ,  and  Depth  only ;  which 
call  B,  L,  D  *,  and  S  =  Solidity,  and  G  =  the  Gallon 
or  Bufhel,  as  before.  Now  fince  BDL=GS,  there¬ 
fore  BD  =  ~  Si=Gx  -  x  S;  and  fo  G  x  jy  •  B 
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D :  S.  Bat  becaufe  L  is  the  Reciprocal  of  L, 

therefore  the  Line  of  Numbers  on  which  you  feek 
L  muft  be  inverted  \  and  becaufe  the  Logarithm  of 
G  is  added,  the  Number  G  muft  always  begin  the 
inverted  Line ,  or  be  placed  equal  to  1  on  the  direct 
Line.  Thefe  things  premifed,  ’tis  plain  that  if  B  on 
the  Slider  be  fet  to  L  on  the  inverted  Line  order’d 
as  before,  then  againft  D  on  the  direct  Line  you 
have  S  on  the  Slider. 

19.  For  Example ;  Suppofe  a  Ciftern  be  80  In¬ 
ches  long,  50  broad,  and  40  deep.  Quaere  the  Con¬ 
tent  in  Bufhels  ? 

Here  G=  2 150,42,  and  for  the  Purpofe  of  Malt- 
Gauging  there  is  on  fome  Rules  an  inverted  Line  of 
Numbers  fix’d  on  one  Side  the  Slider  ;  beginning  at 
2150,42  as  before  faid  i  then  on  fuch  a  Rule  fet 
50  =  B  on  the  Slider  to  80  =  L  on  the  inverted 
Line,  and  againft  40  =  D  on  the  dir  eft  Line  on  the 
Rule,  you  have  7  4™  S— the  Number  of  Bufhels  the 
Ciftern  will  contain.  And  thus  you  might  proceed 
for  Gallons,  had  you  inverted  Lines  beginning  at 
282,  231,  268.8. 

20.  In  gauging  Cafks ,  the  principal  Confideration 
is  the  Curvature  of  the  Staves  \  as  A  B  D.  Fig, 
XXXIX.  which  Gaugers  reduce  to  four  Degrees ,  or 
Varieties ,  viz. 

Variety  I.  Thofe  Calks  v/hofe  Staves  are  mo  ft 
curved  or  bent,  are  confider’d  as  the  middle  Zone  or 
Fruftum  of  a  Spheroid ,  fuch  as  Fig.  XXXIV. 

Variety  II.  If  the  Staves  are  not  quite  fo  much 
arching  or  bent,  the  Calk  is  fuppofed  to  be  the  mid¬ 
dle  Zone ,  or  Fruftum  of  a  Parabolic  Spindle ,  as 
Fig.  XXXVII. 

Variety  III.  When  the  Staves  of  Cafks  are  but 
very  little  curved,  they  are  reputed  to  be  in  the 
Form  of  the  Fruftums  of  two  equal  Parabolic  Co¬ 
noids , 
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noids ,  join’d  together  at  the  wideft  Bafes.  See  Fig i 
XXXVI. 

Variety  IV.  When  the  Staves  are  ftrait  from  the 
Bung  to  the  Head,  as  the  prick’d  Lines  AB,  BD, 
for  very  nearly  fo)  then  ’tis  plain  fuch  a  Cafk  con- 
iifts  of  the  Fruftums  of  two  equal  right  Cones ,  fet 
together  at  the  greater  Bafes.  Fig.  XXXIX. 


21.  The  Calks  being  reduced  to  thefe  four  Va¬ 
rieties,  if  you  multiply  the  Difference  between  the 
Head  and  Bung  Diameters 

Ey  Wfor  the  }iri|Var:ety’ 

to  55J  t  IV.  J 

and  then  add  the  Produft  to  the  Head  Diameter, 
then  that  Sum  fhall  be  a  mean  Diameter ,  or  that  of 
a  Cylinder ;  whofe  Height  and  Capacity  is  equal 
to  that  of  the  Cajk9  as  near  as  poffible. 

22.  For  Example  ;  Let  there  be  a  Cafk  ADEG, 
whofe  Bung-Diameter  BF  —  31.5  Inches,  and  Head- 
Diameter  AG=24,5  •,  then  their  Difference  is  BF 
— AG=7. 


}  7x0.55=28,35! 
7 xo.6  —28,7  ( 
7  X  0.65=29,05  C 
7  x  0.7  =29.4  J 


The  mean  Diameter 
of  the  Cylinder 
equal  to  the  Cajk. 


Having  found  the  Areas  (by  Art.  8,9,  10,  12)  to 
be  2,2385,  2,2941,  &c.  Ale  Gallons  j  and  fuppo- 
ling  the  Length  of  the  Cafk.  42  Inches,  ~  HL. 

Then  the  Contents  ("2,23  85x42=  94.03I 

according  to  the  \  2,2941  x  42=  96.35  /  Ale 
feveral  Varieties  J  2, 3504 x  42=  9S.71  f  Gallons, 
will  be  : . L2-4073*4 2—ior.ioJ 


And 
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And  thefe  being  all  the  principal  Articles,  wherein 
the  Ufe  of  inftrumental  Logarithms ,  or  the  artificial 
Line  of  Numbers  is  diredtly  concerned,  I  fhall  fay 
no  more  on  the  Head  of  Gauging  *,  but  proceed  to 
the  next  Article  of 

Limber  Me  after  e. 

23.  Every  Piece  of  Limber  is  a  Solid,  like  to  fome 
one  or  other  of  thofe,  whofe  abfolute  Menfuration 
was  Ibewn  in  the  laft  Chapter,  viz.  The  Fruftum  of 
a  Cone,  a  Cylinder ,  the  Fruftum  of  a  Pyramid ,  a  Pa~ 
rallelopipedon ,  Prifm ,  &c. 

24.  In  whatever  Form  the  Piece  happens  to  be, 
find  the  Content  or  Solidity  in  Inches,  as  there  taught ; 
which  divide  by  1728,  (the  folid  Inches  in  one  Foot 
of  Timber)  the  Quotient  is  the  folid  Content  in  Feet . 
But  that  the  Analogies  for  Operation  by  Inftru- 
ments  may  be  evident,  I  (hall  make  ufe  of  the  fore¬ 
going  Method  in  Gauging ,  by  putting  B  =  the 
Breadth,  D=  Depth,  L  =  Length,  G=  12,  and 

S  =  Solidity,  all  in  Inches.  Then  fince  5^  —  S, 

Cj3 

therefore  BDL  =G3S ,  but  —  =  the  Length  in  Feet , 

which  let  be  F,  then  BD  t  -  GGS  =  BDF  ;  and 

confequently  GG  :  BD  ::  F  :  S. 

25.  Nov/  if  the  Piece  of  Timber  be  in  form 
of  a  fquare  Prifm ,  then  the  Bafe  BD  is  a  fquare 
Number ,  which  call  gg  %  whence  GG  :  gg  ::  F :  S  ; 

and  therefore  G  :g  ::  v'F  :  1/  S.  Wherefore,  hav  ¬ 
ing  a  Jingle  and  double  Line  of  Numbers ,  by  the  Sli¬ 
ding- Rule,  fet  G—I2  on  the  -Jingle  Line ,  to  the 
Length  in  Feet  F  on  the  double  one  ;  then  againft 
g  on  the  jingle  Line  is  S  =  Solidity  on  the  double 
Line  on  the  Slider.  Example,  Suppofe  a  Piece  of 
Timber,  the  Side  of  whofe  fquare  Bafe  is  g  =  1 5 

Inches* 
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Inches,  the  Length  18  Feet=  F ;  Quere  the  folid 
Content  S  ? 

Set  the  conftant  Point  G  =  12  on  the  Jingle  Line  to 
the  Length  in  Feet  F  =  18  ;  then  again#  the  Side  of 
the  given  fquare  Bafe  g  z=  15  Inches,  on  the  former, 
is  28  =  S  ==  the  Number  of  the  folid  Feet  in  the 
Piece,  on  the  latter.  Or  with  the  CompafTes,  ex¬ 
tend  from  1 2  to  1 5  on  the  Jingle  Line ,  the  fame  will 
reach  from  18  to  28  —  S  in  the  double  Line,  the 
Anfwer  as  before. 

26.  But  if  you  have  no  Jingle  Line ,  proceed  with 
the  double  Line  on  the  Sliding-Rule  thus  :  Set  the 
conftant  Number  GG—  144  on  the  Rule  to  the  given 
Square  gg—225  on  the  Slider ;  then  again#  the  Length 
in  Feet  F  =  18,  on  the  Rule  is  28  =  S  =  the  folid 
Feet  on  the  Slider.  Or,  with  the  CompafTes,  ex¬ 
tend  from  144  to  225,  the  fame  Extent  will  reach 
from  18  to  28  the  folid  Feet,  as  before.  Otherwife 

by  the  Analogy  G  ::  \/  F  :  i/  S  *,  thus,  fet  the  con¬ 
ftant  Point  G  =  12,  on  the  Rule  to  the  given  Side 
g  =  15,  on  the  Slider,  and  mark  the  Point  on  the 
Slider  again#  1 5  on  the  Rule,  bring  that  Point  to 
12  on  the  Rule  *,  then  again#  F  =  18  on  the  Rule, 
is  28  —S  on  the  Slider ,  the  Solidity  as  before.  But 
much  better  with  the  CompafTes,  thus  ;  Extend  from 
12  to  15,  that  Extent  turn’d  twice  over  will  reach 
from  18  to  28  —  S,  as  before. 

27.  If  the  Piece  be  in  the  Form  of  a  Parallelopi- 
pedon ,  that  is,  hath  its  Breadth  and  Depth  unequal  *, 
then  the  common  way  is  to  add  the  Depth  and 
Breadth  together ;  and  to  take  half  that  Sum  for  the 

Side  of  a  mean  Square ,  viz.  =£,  and  then 

they  imagine^  =  BD,  and  fo  meafure  the  Piece  as 
before.  But  this  is  a  very  erroneous  way  ;  and  the 
more  fo,  as  the  Difference  between  the  Breadth  and 
Depth  is  greater.  For  fince,  (in  order  to  reduce  this 
Piece  to  a  fquare  Prifm)  BD  =  gg ,  ?tis  evident 

Z 
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g  =  v"BD  ;  that  is,  a  0^00  Proportional  between  B 
and  D,  (for  B:  V BD ::  V  BD  :  D)  and  not  their  half 

Sum  •  as  they  ignorantly  fuppofe. 

28.  For  Example  ;  Suppofe  a  piece  of  hewn  Tim¬ 
ber  in  form  as  aforefaid,  whofe  Breadth  is  22,5  In¬ 
ches  z=z  B,  the  Depth  or  Tbicknefs  id  Inches  =  D, 
and  Length  18  Feet  =  F ;  what  is  the  folid  Con- 
tent  ? 

29,  Find  a  mean  Proportional  between  B— 22,5  and 
D  =  10,  (as  heretofore  taught)  it  fhall  be  £  =s=  15 

&=  V'BD  ;  and  therefore  Gz  =  144  : g1  225  ::  F=:i8 
:  S  =  28,  as  before.  But  according  to  the  common 

falfe  way,  g  ==  =16,25,  and  fo  ££=2  64,062  5, 

JLt 

which  is  greater  than  the  true  Area  of  the  Bafe  BD 
£=  225  by  39,0625  Jaguar  e  Inches.  Alfo  fet  G=:  12 
on  the  Jingle  Dine  of  Numbers  to  the  Length  F  =  1 8 
Feet  on  the  double,  then  againft  (the  falfe)  £1=16,25 
on  the  former ,  is  32 J  =  S  on  the  latter.  But  32I 
- —  28  =  4!  Feet  more  than  is  really  in  the  Piece. 

29.  Becaufe  BDF  ==  GZS;  therefore  BD  =± 

-jr  S  j  and  fo  we  have  Gz  x  p-  :  B  ::  D  :  S.  If  then 

you  have  an  inverted  Line  of  Numbers  beginning 
from  Ga==  144  placed  an  one  fide  the  Slider,  with  a 
diredl  Line  on  the  other ;  then  may  the  folid  Content 
in  Feet  be  found  by  the  B,  D,  and  F,  as  taught  in 
Art.'1 1 8.  hereof,  thus  *,  Set  B  =  22,5  on  the  Slider, 
to  F=i8,  on  the  inverted  Line  ;  then  againft  D 
=  10,  on  the  dir  ell  Line  is  28  =  S,  on  the  Slider* 
the  folid  Feet  as  before. 

30.  If  the  Timber  be  in  Form  of  the  Fruftum  of 
a  fquare  Pyramid ,  as  Fig.  XXX.  the  Theorem  for 
its  Solidity  in  Inches  is  HDd  -j-  t  Haw,  as  per  laft 
Chap.  Art.  23.  Therefore  HDd.T*  ?Hxv  =s=  G2S 
(where  S  ==  Solidity  in  cubic  Feet)  and  fince  t\H=F 

I  «  the  Length  In  Feet,  therefore  FDd  iFxx  — 

H  h  G 
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GS,  confequently  G2  :  F  ::  ~Dd  -j-  ixx  :  S.  Example; 
Suppofe  a  Piece  of  Timber  25  Inches  fquare  at  the 
greateft  end,  9  Inches  fquare  at  the  lefter  End,  and 
20  Feet  long,  how  many  folid  Feet  is  there  in  fuch 
a  Tree  ? 


Here  F  20,  D<A=2  2  5,  and  ^===85,3',  there¬ 
fore  Dd+iwte  310,3'  ;  wherefore  G2=i44  :  F=20 
::  310,3' :  43,11=8,  the  Number  of  folid  Feet  as  re¬ 
quired,  Note,  the  common  way,  by  fuppoftng  the 

Square  of  —  £)  g  %Xx  is  very  falfe  *,  and  in 

this  Inftance  would  not  give  the  Solidity  above  40, 1 
Feet,  which  is  three  Feet  lefs  than  the  Truth. 

31.  if  the  Bafes  of  the  Fruftum  be  Parallelograms . 
as  is  the  Cafe  of  mo  ft  Pieces  of  hew'd.  timber  ,  then 
they  may  be  reduced  to  Fruftums  of  fquare  Pyra¬ 
mids. ,  thus  ;  Let  A  =  the  Area  of  the  greater  Bafe, 

a —Area  of  the  lefter.  Then  V  A=D,  andv^a 


=  d  ;  and  1/ A  x  a  =  D  d\ 

-f-  dd  =  xx9  therefore  A  — 
gD^-j-  ,r.v  _  A  — j-»  V  A  X  a.  +  3. 


aJfo  ftnce  D2  +  2  D d 
2  y/Axa^j-a— xx  ;  and  fo 

confequently,  G2  :  F  :: 


i  A  V  A  xa  -j-  a  :  S  =  the  Number  of  folid  Feet 
in  fuch  a  Tree. 

32.  For  Example  ;  Suppofe  a  Piece  of  fquared 
Timber  be  32  Inches  broad,  and  20  deep  at  the 
larged  End  ;  and  10  broad  and  6  deep  at  the  lefter 
End  *,  the  Length  1 8  Feet;  Quasre  the  folid  Content  ? 

Here  A  —  32  x 20  =  64Q,  and  a  =  10x6  =  60; 


and.  f  A  x  a  =  f  38400  =  195,959  ;  therefore 

t  A  +  V  A  x  a  -f-  a  —  298,653 .  Then  G2  =  144 
;  F  =  18  ::  298,653  :  S  =  3 7,33  the  folid  Feet  re¬ 
quired.  Note,  the  Product  of  J  of  the  Girt  of  each 
End  taken  for  a  mean  Area  is  very  falfe ;  and  cannot 
be  pradtifed  without  conftderable  Error,  tho’  it  be 
the  common  or  cuftomary  way. 
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33-  ^  Timber  be  in  form  of  a  Cylinder,  Fig. 
XXVIII.  then  putting  a  —  0.7854,  and  G™  12 
Inches,  we  have  (as  per  Art.  8.)  this  Analogy  ; 
1 :  a ::  DD :  DDa  —the  Area  of  the  Cylinder’s  Bale  in 
Inches  (fuppofing  D  =  Diameter  in  Inches  ;)  Jet 
II  ==  height  in  Inches  *,  then  I  I DDa  =  the  Inches 
fohd,  whereof  1728  =  G3  =  one  [olid  Foot.  Con- 
fequently,  if  S  =  folid  Content  in  Feet ,  HDDa  = 

G2S  ;  and  ~  =  F  =  the  Length  in  Feet,  there* 


fore  FDDa  =  G2S  ;  and  FDD  — 
G2 
a 


Gg 

a 


S ;  and  putting 

CL 

dd  =  183,34  ;  then  FDD  zz  ddS  ;  wherefore 


dd :  DD  ::  F  :  S,  or  d  :  D  ::  \/F  :  VS. 

34.  Or  with  the  Length  in  Inches,  to  find  the 

Solidity  in  Feet,  thus;  fnce  HDDa  =  G3S,  there  - 
G 3 

fore  putting  —  =  dd9  we  fhall  have  HDD  zn  ddSy 
confeqnently  dd :  DD  ::  H  :  S  =  Solidity  in  Feet  » 

or  TD::/HA8.  Wherefore,  if  there  be  a 
Jingle  Line  of  N umbers  on  your  Sliding  Rule ;  fet  the 
conftant  Number  d  =  46.9  on  the  (ingle  Line  to 
H  =  the  Fleight  in  Inches,  on  the  double  Line  on 
the  Slider  ;  then  againf:  D  =  the  Diameter  of  the 
Cylinder’s  Bafe  in  Inches  on  the  Jingle  Line ,  is  S  = 
the  Number  of  folid  Feet  on  the  Slider  as  required. 
And  if  the  Length  be  given  in  Feet ;  then  the  So¬ 
lidity  is  found,  as  above,  Art.  13. 

35.  If  you  have  no  Jingle  Line  on  your  Rule,  you 
muft  work  with  the  Analogies  dd  :  DD  ::F :  S  ;  or 
^:DD::H:S.  In  the  firft  dd  =:  183,34,  an d  dd 
=  2200,152  ;  therefore  d  =  13.54  ==  Diameter  of 
a  Circle,  when  the  Area  is  144  ;  and  d  zz  46,9  — 
the  Diameter  of  a  Circle,  whofe  Area  is  1728  =.  the 
Inches  in  a  folid  Foot.  And  thefe  Numbers  being 
conftant  in  all  Operations,  and  the  Method  of  ope¬ 
rating  fuch  kind  of  Analogies  every  way  on  the  ar- 

Hh  2  tificial 
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tifeial  Lines  of  Logarithms  already  fufficiently  exem¬ 
plified  in  the  preceeding  Articles  ;  I  (hall  not  here 
again  repeat  it. 

36.  The  common  way  of  meafuring  round  Lim~ 
her ,  is  by  girting  them  about  the  Middle  with  a 
String,  and  taking  l  of  the  Girt  for  the  Side  of  a 
Square  equal  to  a  ?nean  circular  Area ,  fuch  as  would 
reduce  the  propofed  Piece  to  a  Cylinder .  But  this 
is  alfo  very  falfe  and  ungeometrical.  For,  fnce  the 
Area  of  that  Circle,  whofe  Circumference  is  1,  is 
0.07958  *,  and  the  Area  of  that  Square,  whofe  Side 
is  ,25  (“|  of  the  faid  Circumference)  is  0.0625, 
and  the  Solidities  being  in  proportion  to  thefe  Num¬ 
bers,  viz.  as  0,07958  :  0.0625  *  that  is,  as  23  to  18; 
'tis  evident,  the  Content  by  this  falfe  way  is  above 
t  lefs  than  what  it  really  is  ;  which  Error ,  if  it  be 
not  confiderable  enough  to  be  regarded  and  corre&ed, 
is  great  pity  indeed. 

37.  Therefore  to  meafure  a  Piece  of  round  tape¬ 
ring  Limber  truly,  it  mu  ft  be  confidered  as  the  Fruftum 
of  a  right  Cone  \  whofe  folid  Content  in  Inches  is 

found  by  the  Theorem  D d  -f-  ixx  XO.7854H,  as  per 
Art.  25.  of  the  laft  Chapter.  Now  putting  0.7854 
s=  a,  and  G3  —  1728,  the  cubic  Inches  in  a  folid 

foot*,  the  Theorem  will  become  Dd  -f-  ixx  x  a  H 
zzz  G3S  ;  and  again  fnce  A  H  =  F,  the  Length  in 
Feet ;  therefore  Dd  -f-  \xx  x  a  F  =  G?S  \  alfo  put 

—  =ss  dd  ;  and  then  Dd  +  ixxx  F  z=  ddS  ;  where¬ 
at  _ _ 

fore  we  have  dd  :  Ua  -f-  Sxx  ::  F :  S  =  the  folid  Con¬ 
tent  in  Feet. 

38.  For  Example*,  Suppofe  a  Piece  of  round 
Limber  be  36  Inches  Diameter  at  one  End,  and  9 
Inches  Diameter  at  the  other  j  and  24  Feet  long  j 
quaere  the  Solidity  in  Feet  ? 

Here  D  =  36,  d—  9,  D  —  d  ~x  ~  27,  Dd  = 
324,  ixx  243,  Dd  4-  3^  =  567,  and  F  =  24. 

There- 
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Therefore  the  Analogy  is  as  dd=  183,34  :  567  ::  F 
s=  24  :  S  =  74,22  the  folid  Feet  required  *  as  may¬ 
be  wrought  by  the  Lines  of  Numbers  in  any  of  the 
before-mentioned  ways. 

O/Measuring  Land. 

39.  What  I  principally  defign  here,  is  to  fhew 
how  the  true  Area  or  Content  of  a  Plot  of  Land  is 
to  be  found  by  the  artificial  Line  of  Numbers ,  in 
Acres  and  Decimal  Parts .  The  Dimenfions  of  a  Field 
are  commonly  taken  in  Rods  or  Poles ;  each  con¬ 
taining  16  |  Feet.  Of  thefe  Poles,  40  in  Length 
and  4  in  Breadth  make  an  Acre  ;  or  an  Acre  is  = 
160  fquare  Poles.  Some  (and  indeed  moll)  ufe  a 
Chain,  called  Gunter's  Chain ,  in  taking  Dimenfions  ; 
which  confifteth  of  100  Links,  and  the  whole  in 
Length  — :  4  Poles  or  Rods.  And  fo  10  of  thefe 
fquare  Chains  make  an  Acre. 

40.  The  Field  being  meafur’d  with  the  Pole,  if 
it  be  in  Form  of  a  Parallelogram ,  put  L  =  Length, 

and  B  =  Breadth  ;  and  then  it  will  be  —  =  A  = 

160 

the  Number  of  Acres  ;  therefore  LB  r=  160  A  ;  and 
fo  we  have  1 60  :  L  ::  B  :  A  =  the  Acres.  For  Ex¬ 
ample,  fuppole  a  Field  be  35  Pole  broad,  and  185 
Pole  in  length  ;  how  many  Acres  doth  it  contain  ? 
Set  160  on  the  Rule  to  185  on  the  Slider,  then  a- 
gainft  35  on  the  Rule  is  40!  nearly,  the  Number  of 
Acres  required. 

41.  If  the  Field  be  in  Form  of  a  Triangle,  and 
meafur’d  with  a  Rod  or  Pole  ;  then,  having  plotted 
it  and  meafur’d  the  Bafe  and  perpendicular  Height, 
which  call  B  and  H ;  then  B  x  §H  =  160  A  ;  and  fo 
1 60  :  B  ::  f  H  :  A  =  the  Acres  as  before. 

42.  If  the  Field  be  in  Form  of  a  Trapezium ,  as 
Fig.  XL.  then  becaufe,  by  drawing  the  Diagonal 
AB,  it  is  reduced  to  two  Triangles  ACB,  ADB, 

and 
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and  calling  the  two  Perpendiculars  Cc  and  H 
and  h  ;  and  the  common  Bale  AB,B  ;  we  have 

—  +  —  =  H  -4-  £  x  IB  =  1 60  A.  Therefore  160 

:  IB  ::  H  h  :  A  =  the  Acres  contain’d  in  the  Tra¬ 
pezium  ACBD. 

43.  If  the  Field  be  of  a  multangular  Form,  it  muff, 
.when  plotted,  be  reduced  to  feveral  Triangles  and 
Trapezia  ;  and  then  meafur’d,  as  per  Art.  41,  42. 
In  cafe  you  take  the  Meafures  with  a  Chain  of  4  Rods 
or  100  Links,  then  the  Analogies  for  Operation 
will  be  the  fame  as  above,  only  inftead  of  160  you 
muft  ufe  io;  thus  io:L;:B:A.  Att.  40.  and  ia 
:  B  ::  |H  :  A.  Art.  41,  &c.  All  which  is  fo  eafy  as 
to  need  no  Example,  nor  any  thing  more  to  be  laid 
concerning  it. 


L 
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CHAP.  XVI. 

The  Tragical  Use  of  the  Logistical 

Logarithms. 

i.  V 1  A  PIE  Nature  and  ConftruBion  of  Logijiical 
X  Logarithms ,  having  been  fuffidently  incul¬ 
cated  in  Chap.  IV.  it  remains  now  that  I  fhew  their 
Ufe  in  fome  Cafes  of  practical  Aftronomy,  for  in 
other  refpedts  it  is  very  little.  But  in  finding  the 
Places,  Distances,  of  the  heavenly  Bodies 5  the 
Calculation  of  Eclipfes,  &c.  they  are  very  neceffary 
for  finding  the  proportional  Parts,  as  will,  in  fome 
Degree,  appear  by  the  following  Examples. 

2.  Example  1.  Admit  the  mean  Anomaly  of  the 
Sun  be  4s  70  48 '  14"  ;  what  is  the  true  Equation , 
and  Logarithm  of  his  Diftance  from  the  Earth  ? 

Mean  A- c  4s  j°  1  Equa- c  i°33/49//  7  Lo-  C  4.995607 
nomalies  (  4  8  S  tions  t  1  323 6  3  gar.t  4.995501 

Differences  i=6or  1  13  106 


Then  for  the  Proportional  Parts  of  the  Equation,  £iy 
by  the  Logiftical  Logarithms, 


If  one  Degree,  or . 6o7  oo7—  o 

give  the  Difference .  1  13  —16930 

what  gives  the  Anomaly . 48  141=  948 


Anfwer,  the  prop.  Part . o  59=17878 


This  fubftraded,  (becaufe  the  Equation  is  de- 
creafing)  from  me  Equation  i°  32'  49 7/  (answering 

1  the 
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the  Anomaly  4s  70)  leaves  the  true  Equation  == 
i°  32'  5077,  as  was  requir’d. 

3.  Then  for  the  proportional  Part  of  the  Loga¬ 
rithm  fay 

One  Degree,  or  . . 6o'  oo77=  O 

gives  the  Difference  of  Logarithms.  .  106—1 5310 

what  gives  the  Anomaly . 4s7  iaJ1—  948 

Anfwer,  the  Proportional  Part.  ...  .  4  .  85=16258 

"Which  fubdu&  from  the  Logarithm  4,995607,  an- 
fwering  to  the  Anom.  4s  70  there  remains  4,995522, 
the  true  Logarithm  of  the  Surfs  Difiance  from  the 
Earth,  as  required. 

4.  Example  II.  Suppofe  the  Moon's  annual  Ar¬ 
gument  be  290  5E  37/;,  what  is  the  Equation  of  the 
Apogee  and  Eccentricity  of  her  Orb  ? 

Annual  c  290  jEqua-  C  8°  53'  8/;i  Eccen-  c  60392 
Argum.  (30  i  tion  19  07  14  J  tricity  £  61045 

Differences .  1  =6o7  14  6  653 


Then  for  the  Equation  of  the  Apogee*  fay 

If  one  Degree,  or . : .  .  6o7  oo77=  o 

give  the  Difference . 14'  677— 6289 

what  gives .  51'  377/=  ^54 

Anfwer,  the  Prop.  Part ....  12'  877  6943 
To  which  add  the  Equation  8°  53'  877,  agreeing  to 

- the  an.  Arg. 

290  ;  the  Sum  is . 90  05'  1677  the  true  E- 

quation  of  the  Apogee  as  required. 

5.  Then  for  the  true  Eccentricity,  fay 


If 
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If  one  Degree,  or .  6o;  oo'Cr  o 

give  the  Difference  of  Eccentricity  .  .  653  =7414 

what  will  the  Part . 51'  37  =  654 


Anfwer,  the  Proportional  Part . 562  =8068 

To  which  add  the  Eccentricity  ...  60392 

The  Sum  is  the  true  Eccentricity  .  .  60954,  as  re¬ 
quired. 

■# 

6.  In  like  manner  the  Equation  of  the  Moon’s 
Center,  Latitude,  Inclination  ot  Limit,  and  Loga¬ 
rithmic  Didance  from  the  Earth  may  be  found.  Alfb 
the  fame  things  are  in  like  manner  found  for  any 
of  the  Planets,  of  which  there  needs  no  more  Ex¬ 
amples. 


7.  Example  III.  In  an  Eclipfe  of  the  Moon,  ad¬ 
mit  her  horary  Motion  be  3c/  31",  a'nd  the  Sun’s 
2'  ly"  *,  then  the  horary  Motion  of  the  Moon  from 
the  Sun  will  be  28'  4/;:  and  fuppofe  the  Moon  hath 
pafs’d  the  Sun  by  the  Didance  i°  19'  4/;— 4744/; ; 
What  is  the  Time  requisite  for  that  Motion  ?  Say 
thus, 


2ff 


As  the  horary  Motion  of  the  Moon  ( 

from  the  Sun . X 

is  to  one  Hour . 60 

So  is  the  Didance  pafs’d  above  56'  5 


8,  viz. 


X 


22' 


4—3  3  00 

Ozzz  O 

56=4177 


To  the  Time  above  2  Hours,  viz.  0 . 49'  oor=  877 

Therefore  2 11  49'  were  pafs’d  dnce  the  true  Qppofition , 
or  Moment  of  the  Eclipfe. 

Note,  becaufe  in  this  Cale  the  Motion  of  the 
Moon  from  the  Sun,  performed  in  1  Hour,  is  28' 
4/; ;  therefore  5 6 '  8/;  will  be  paffed  in  2  flours  :  But 
the  prefent  Didance  of  the  Moon  from  the  Sun  is 

I  i 
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jfy  ff,  which  becaufe  it  exceeds  the  Table  of  Lo - 
giftical  Logarithms ,  therefore  fubdudl  the  Motion  of 
two  Hours,  viz.  7  f  4" — 561  8//~-22/  56-  \  and  this 
Excefs  of  Motion  will  give  the  Excefs  in  Time  a- 
bove  2  Flours  as  in  the  Example.  And  thus  you 
proceed  when  the  Diftance  of  the  Moon  from  the 
Sun  exceeds  one  Degree,  or  the  Table. 

8.  Example  IV.  Suppofe,  in  a  Lunar  Eclipfe , 
the  Semi  diameter  of  the  Moon  be  if  if,  and  the 
Difference  between  the  Moon’s  Latitude ,  and  Sum  of 
the  Semidiameters  of  the  Moon  and  the  Earth’s 
Shadow  be  f  01" ;  Quaere  the  Digits  eclipfed  ? 

Note ,  the  Semidiameter  of  the  Moon  is  always 
fuppofed  to  be  6  Digits ,  or  equal  to  6  Degrees. 
Therefore  fay, 

v 

As  the  Semidiameter  of  the  Moon  15'  if—  6949 

Is  to  fix  Digits . .  6°  co1  ooAziiooq o 

So  is  the  faid  Difference  .....  9'  i/y—  8231 

To  the  Digits  eclips’d  ......  30  32'  5 D— 12282 

9.  Example  V.  In  a  Lunar  Eclipfe ,  let  the  &r«- 
ples  of  Incidence  be  30'  1 7'h  and  the  horary  Motion 
of  the  Moon  from  the  Sun  be  28/  47Q  to  find  the 
■Time  of  half  Duration  ? 

Here  becaufe  28'  47"  :  60' ::  30'  1  f :  a  fourth 
Number  greater  than  Go',  and  fo  confequently  be¬ 
yond  the  Extent  of  the  Table ;  therefore  (as  in 
Art.  7.)  from  3c/  if  fubdudl  the  Motion  for  an 
Hour,  viz.  28'  47 and  to  the  Remainder  i'  30." 
find  the  Time  thus* 

As  the  Motion . . . 28'  4f—  31 90 

Is  to  an  Hour . Go'  oc /=  o 

So  the  remaining  Scruples . i'  go'— 16021 

f  8/— 12831 

The 


To  the  Time  . 
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The  Time  fought  therefore  ih  37  877  ;  the  double 
of  which  is  2h  6'  1 67/'  the  Time  of  the  whole  Du- 

1 

ration  of  the  Eclipfe. 

10.  Example  VI.  If  the  diurnal  Motion  of  the 
Sun  be  59'  8'7,  what  is  the  Motion  for  7  Hours 
15'? 

Say*  as  one  Day . 2411  oor  oo7/—  o 

Is  to  its  Motion .  59'  877—  63 

So  is  the  Time . 7h  15' 

To  the  Motion  therein  .  .  .  ,  ij'  52":=: $2 60 


11.  Example  VII.  If  the  mean  Motion  of  the 
Moon  in  one  Hour  be  32'  $6'\  how  far  doth  fhe 
move  in  1 7h  457  ? 


Say,  as  one  Hour  .  .  ih  oo7  co77=  13802 


Is  to  its  Motion  ....  32'  56" =20392 


So  is 


i7h  45'  00  =  1309 


}add 


21701 


To  the  Motion  required  ..90  447  oo7—  789 9 


Thus  the  Motion  in  24  Hours,  or  one  natural  Day, 
will  be  found  13°  io7  35E 

12.  The  Logiftical  Logarithms  may  alfo  be  11  fed 
with  common  Logarithms .  Thus  fuppofe  you  would 
find  the  Logarithmic  Sine  of  180  i6!  47",  proceed 
thus  j 


The  Logarithmic 


Sine  of . 


c  1 8°  1 6=1:9,4961 54 
1  18  I  77=:9, 496537 


2 


The  Differences 


i'z^6ou  383 
■Now 
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Now  the  Proportion  is,  6o/;  :  383  ::  47  :  the  Pro¬ 
portional  Part.  But  fince  the  Logiftical  Logarithms 
of  47"  and  60 "  are  reciprocally  as  thofe  Numbers, 
and  that  of  60  is  nothing  j  therefore  (the  Differences 
of  the  common  Logarithms  being  proportional  to  the 
Numbers  6o;/  and  47 /;)  fay. 

As  the  Logiftical  Logarithm  of  ...  .  43"=  1447 
is  to  the  Logiftical  Logarithm  of  .  .  .  60  =  o 

So  is  the  common  Logarithm  of.  ,  .  383  =2.5998 


To  the  common  Logarithm  of  the  3  o 

proportional  Part . 3  ^ 

Which  add  to  the  common  1  ^ 

Logarithm . 1  9  4961 54 


=2.4551 


The  Sum  is  the  Logarithm  .  .  .  9.4964390b  180  i6; 
47' 7  as  required.  And  thusjprcceed  in  any  other  Cafe 
of  like  nature. 


13.  The  Logiftical  Logarithms  may  be  ufed  like- 
wife  with  the  Logarithmic  Sines  and  Langents ,  as  in 
finding  the  Parallaxes  of  the  Planets,  &c.  Thus 
fuppofe  the  rlorizontal  Parallax  of  the  Moon  55' 
1 2 !i  *,  the  Angle  of  her  Orb  with  the  Horizon  22°  ft  % 
and  her  Longitude  in  her  Orb  from  the  Horizon 
8i°  27',  to  find  her  Parallax  in  Longitude. 


From  the  Logiftical  Loga- 1 
rithm  of  the  Hor.  Paral.  3 

Sine  of  the  1 
Angle  ...  3 
Co- Sine  of  3 
Longitude..  3 


There  remains  theLogif  Lo-  C 
gar.  of  the  Par.  in  Long. .  .1 


Subdual  the 
Sum  of  the 


co°  551  t2"—  3 62 

22  40=  9.5748 

81  27  o  =  9.1722 

Viz.  18.7470 
co°  ft  h""—  12%92 
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14.  Becaufe  when  the  Angle  of  the  Moon’s  Orb 
with  the  Horizon  is  greatest  67°  14'  20",  and  (lie  in 
the  Horizon,  her  greatefi:  Parallax  in  Longitude 
will  be  then  *,  and  will  be  found  as  in  the  laffc  Ex¬ 
ample,  thus  j 


Logifl,  Log.  of  the  greatefi: 

Hor.  Par.  ....... 


1  24 nz=z  17680 


The  Sine  of . 67°  14'  20/;=  9.9648 

Radius . 90°  o  o  0.0000 


11fL»g.B'.ofd'!gt:p"'H0  s6'  37"=  ^ 

15.  To  find  the  Moon’s  Parallax  in  Latitude . 


From  the  Logifi:.  Log.  of  \ 
Horizontal  Parallax  ...  5 
Subdudt  the  Co-Sine  of  the  j 
Angle  of  her  Orb  with  S 
the  Horizon  ......  3 


oo°  55'  12"—  362 

220  4!  o  "i=g.g66g 


there  remains  the  Logiftical  7  o  /  //  ^ 

Logarithm  of  .  ....  \  °°  51  9"=  693 

which  is  the  Parallax  of  Latitude  fought. 


16.  To  find  the  greatefi:  and  leafi:  Parallaxes  in 

Latitude . 


From  the  Logifhical  Log.  of  7 

the  gr.  Hor.  Par . J  1 

Subftra£ttheCo-Sine  of  the  leafi:  1 
Ang.  of  her  Orb  with  the  Hor,  $  ^ 


o 

o 


i 1  24;/z=  17680 
41 '  40  !I=9'9937 


Logifiical  Logarithm  of  the  7  , 
greatefi  Parallax  ,  ....  J 


o 


°oJ  3 


Again, 


3 
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Again,  from  the  L.  Log;  of )  0  ,  „  ... 

the  leaft  Horiz.  Parallax . .  J  54  59  379 

Subftracft  the  Co-Sine  of  the  j 
greateft  Angle  of  Orb  with  >  67°  14!  20//=9. 5876 
the  Horizon . ' 


Logiftical  Logarithm  of  thee  0  6„ 

leaji  Parallax . {  .  o  j 

17.  By  thefe  Inftances  the  Reader  will  be  ap¬ 
priz’d  of  the  great  Ufefulnefs  and  Expediency  of 
Logiftical  Logarithms  in  his  Aftronomical  Calcula¬ 
tions  *,  and  as  the  common  Logarithms  are  laid  on  a 
Rule,  fo  likewife  are  thefe  j  and  fuch  a  Sliding - 
Rule  of  Logiftical  Logarithms  may  be  very  ufeful 
to  thofe  who  defire  to  be  more  expeditious  than  exatt 
in  their  Calculations. 
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A  TABLE  of  LOGARITHMS  of 
N  AAURAL  NUMBERS  from  x  to  ioooo. 


Nc 

0 

1 

2 

3 

4 

o 

000000 

301030 

477*2* 

602060 

i 

000000 

°4X393 

079181 

1 13943 

146128 

2 

301030 

322219 

342423 

361728 

380211 

3 

477 121 

49^62 

505150 

5i8S>4 

53 '479 

4 

602060 

612784 

623249 

633468 

643453 

5 

698970 

7°757° 

716003 

724276 

732394 

6 

778151 

785330 

792392 

799340 

806180 

7 

845098 

85I258 

857332 

863323 

869232 

8 

903090 

9O8485 

9*38*4 

919078 

924279 

9 

954242 

959041 

963788 

96%83 

973 12s 

10 

000000 

OO432I 

008600 

OI2837 

017033 

1 1 

041393 

04?323 

049218 

053078 

056905 

12 

079181 

082785 

086360 

O899O5 

093422 

*3 

11 3943 

I I727I 

120574 

I23852 

127105 

14 

146128 

I492I9 

152288 

155336 

158362 

15 

1 76091 

1 78977 

181844 

I8469I 

187521 

16 

j  204120 

206826 

2095 1 5 

212188 

214844 

*7 

230449 

232996 

235528 

238046 

240549 

1 8 

255272 

257679 

260071 

26245 I 

264818 

*9 

278754 

281033 

283301 

285; 97 

28780 2 

20 

301030 

303*96 

30535* 

3O7496 

309630 

2 1 

322219 

324282 

326336 

32838O 

330414 

22 

342427 

344392 

3463$3 

348305 

350248 

23 

361728 

363612 

365488 

367356 

369216 

24 

38021 1 

382OI7 

383815 

385606 

387390 

25 

397940 

399674 

40 1 400 

4O3 1 20 

404834 

26 

4*4973 

41664O 

418301 

4*9956 

421204 

27 

431364 

432969 

434569 

436163 

437751 

28 

447 1 5  8 

448706 

450249 

451786 

4533 1 8 

29 

462398 

463893 

465383 

466868 

468347 

3° 

477121 

47S566  j 

O 

0 

0 

00 

481443 

482874 

3 1 

491362 

492761 

494 1 5  5 

495544 

496930 

32 

505150 

5065O5 

507856 

509202 

510545 

33 

5185141 

5 19828 

521138 

522444 

523746 

34 

531479 1 

532754 

534026 

535294 

536558 

35 

544068 1 

5453 °7 

546543 

547775 

549003 

36 

556302 

557507 

558709 

559907 

56:101 

37 

568202 

569374 

57c543 

57*709 

572872 

38 

579784 

580925 

582063 

583*99 

584331 

39 

591065 

592177] 

593286 

594393 

595 496 

A  n 
-*»  -K  *0 


<=^*i 


*4  The  Logarithms  of  Nat.  Numbers  to  400. 


5 

6 

7 

8 

9 

0 

698970 

778151 

845098 

903090 

954242 

I 

176091 

204120 

230449 

255272 

278754 

2 

397940 

4*4973 1 

431364 

447158 

462398 

3 

5 4406 8 

556302} 

568202 

579784 

591065 

4 

653212 

66Z758 

672098 

681241 

770852 

5 

740363 

748188 

755 875 

763428 

690196 

6 

812913 

819544 

826075 

832509 

838849 

7 

875061 

880814 

886491 

892095 

897627 

8 

929419 

934498 

939519 

944483 

949390 

9 

977724 

982271 

986772 

991226 

99563; 

10 

021189 

025306 

029384 

033424 

037426 

1 1 

060698 

064458 

068186 

071882 

075547 

12 

096910 

100370 

103834 

107210 

1 10590 

*  3 

130334 

‘33539 

136721 

139879 

143015 

*4 

161368 

*64353 

167317 

1 70262 

173186 

*5 

190332 

‘93*25 

195900 

198657 

201397 

16 

217484 

220108 

222716 

225309 

227887 

17 

243038 

2455‘ 3 

247973 

250420 

252853 

18 

267 1 72 

26951 3 

271842 

274158 

276462 

‘9 

290035 

292256 

294466 

296665 

298853 

20 

31*754 

313867 

315970 

318063 

320146 

2  I 

33243s 

334454 

336460 

338456 

340444 

22 

352182 

354‘°8 

3  56026 

357935 

359835 

23 

371068 

3729‘ - 

374748 

3 76577 

378398 

24 

389166 

390935 

392697 

394452 

396199 

25 

406540 

408240 

409933 

41 1620 

413300 

26 

423246 

424882 

426511 

428135 

429752 

27 

439333 

440909 

442480 

444045 

445604 

38 

45484; 

456366 

457882 

459392 

460898 

29 

469822 

47I292 

472756 

474216 

47567i 

30 

484300 

1,485721 

487138 

488551 

489958 

31 

498311 

499687 

501059 

502427 

50379* 

S2 

511883 

513218 

5*4548 

5‘5874 

517*96 

33 

52504; 

!  526339 

527630 

5289I7 

530200 

34 

537819 

539076 

540329 

54‘ 579 

542825 

35 

5  50228 

551450 

552668 

553885 

555095 

36 

562293 

563481 

564666 

565848 

567026 

37 

574031 

575188 

576341 

577492 

578639 

38 

585461 

586587 

5877U 

588832 

589950 

39 

596597 

597695 

593790 

599883 

600973 

Lhe  Logarithms  of  Natural  Numbers 

to  900. 

*5i 

0 

1 

2 

3 

4 

5 

6 

f  7 

i  8 

- - 

Q 

49 

4r 

60.2060 

61.2784 

3H4 

3842 

4226 

4S97 

5305 

595° 

6381 

7000 

7455 

8048 

8^26 

9°93 

9594 

0136 

~ 

0660 

1 176 

1723 

2214 

42 

43 

62.3249 

63.3468 

4282 

4477 

53 12 
5484 

634r 

6488 

7366 

7490 

8389 

84.89 

9410 

9486 

0428 

9481 

1444 

1474 

z457 

24-64. 

44 

64.3453 

443  9 

5422 

6404 

7383 

8350 

9335 

0307 

1 278 

r 

224.6 

45 

65  32 1 2 

4176 

5138 

6098 

7  056 

801 1 

8965 

9916 

086? 

1 813 

46 

66.2758 

3701 

4642 

55bi 
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9317 
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3021 

3942 
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6694 

7607 
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4845 
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70.7570 

842 1 

1 

9270 
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0646 

85. 1258 

1870 

2480 

3089 

3698 

4306 

4913 

5  5 1 9 
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8i79 

8741 

9302 

9862 

042 1 

0980 

1  537 

78 

89.2095 

265  1 

3207 

3767 

4316 

4870 

5422 

5975 

6526 

7°77 

79 

7627 

8 1 76 

s7zS. 

9273 

9820 

0367 

°9 r  3 

1458 

2003 

2547 

80 
O  „ 
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9995 

047 1 

0946 

1421 

OO 

M3 

va 

2369 

2845 

3315 

92 

96-3  788 

4260 

473i 

5202 

5672 

6142 

66 1 1 

708© 

7548 

801 6  j 

93 

8483 

8950 

9416 

9382 

©347 

0812 

1276 

1740 

2203 

2666  j 

9  4 
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9993 

0380 

07  66 

I  152 

1538 

*924 

13C9 

2694I 

I15 
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2605 

2940 

3275 
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8-94 
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9527 

9835 
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3403 
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3919 
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5  566 
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0354 

os62 

0769 
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210 
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7260 

7459 

709 

7858 

8058 

8257 

218 

8456 

S6$6 

885$ 

9054 

9253 

945i 

9650 

9849 

0047 

02,46 

21  9 

34.0444 

O642 

0840 

1039 

i237 

*4H 

l632 

1830 

2028 

2225 

2lQ 

2423 

2620 

2817 

3014 

3212 

3409 

3605 

3802 

3999 

4196 

121 

439* 

4589 

4785 

4981 

517s 

5374 

5  570 

5766 

501 

6157 

222 

6353 

6<49 

044 

6939  7135 

7330 

7525 

7720 

79*5 

8llO 

223 

8305 

85OO 

8694 

8889  9083 

9277 

9472 

9666 

9860 

0054 

224 

35.0248 

0442 

0636 

0829 

1023 

1216 

1410 

i<5°3 

I796 

1989 

225 

2182 

2375 

2568 

2761 

2954 

3  l46 

3339 

3532 

3724 

39l6 

226 

4108 

4301 

4493 

4684 

4876 

<5068 

$260 

545  1 

50? 

504 

227 

6026 

62I7 

6408 

099 

6790 

6981 

7172 

7363 

7554 

7744 

228 

7935 

8l25 

8316 

8506 

8696 

8886 

9076 

9266 

9456 

9646 

229 

9835 

0025 

0215 

0404 

°593 

0783 

0972 

I  I  61 

1350 

1 5  49 

230 

36.1728 

1917 

2105 

2294 

2482 

2671 

209 

3043 

3236 

3424 

231 

3612 

3800 

3988 

4I76 

4363 

455i 

4739 

4926 

5113 

5301 

232 

5  488 

5675 

5862 

6049 

6236 

6423 

6610 

6796 

6983 

7169 

23? 

7?5<s 

7542 

7728 

7915 

8l0I 

8287 

847  3 

8659 

8844 

9030 

234 

9216 

9401 

95s7 

9772 

9958 

0143 

0328 

0513 

0698 

0883 

2  3*5 

37.1068 

U53 

1437 

1622 

l806 

1991 

2175 

2360 

2544 

2,728 

236 

2912 

3096 

3280 

3464 

047 

383 1 

4015 

4198 

4382 

45^5 

237 

4748 

4932 

5XI5 

5298 

548l 

5  66d 

5846 

6029 

6,2  1 2 

054 

238 

077 

059 

6942 

7124 

I7306 

7488 

7670 

7S52 

8034 

8216 

239 

839^ 

8s8o 

876 1 

8943 

1  9124 

9305 

9487 

'9668 

9849I OO5O 

*T be  Logarithms  of  Natural  Numbers  to  2qoo. 


NQ. 

0 

1 

2 

3 

4 

5 

6 

*7 

8 

Q  1 

2\  O 

j  8.021  1 

0392 

°573 

°754 

0934 

1115 

1296 

1476 

1636 

y  J 

1837 

241 

2017 

2197 

2377 

2557 

2737 

2917 

3°97 

3277 

3456 

3636 

242 

243 

38  15 
3606 

3993 

578; 

4'74 

59S4 

4353 

6142 

4533 

6321 

47 12 
6499 

4891 

6677 

5070 

6855 

?249 

7034 

5427 ; 
7  2 1 2 

244 

739° 

7568 

7746 

7923 

8lOI 

8279 

8456 

8634 

88l  I 

8989  i 

245 

9166 

9343 

95  20 

9697 

9875 

0051 

0228 

0405 

O582 

0758! 

246 

39-°985 

I  1  12 

1288 

1464 

I64I 

1817 

1993 

2169 

2  3  45 

2521 

2  47 

2679 

2873 

3048 

3224 

3400 

3575 

375 1 

3926 

4101 

4276 

248 

445 2 

4627 

S' 

4802 

4977 

5152 

5326 

5501 

5676 

5850 

6025 

2  49 

6199 

° 374 

6348 

6722 

6896 

7070 

7245 

7418 

7592 

7766 

250 

7940 

8 1 14 

0287 

846 1 

8634 

S808 

8981 

9 1 94 

9327 

9501 

25* 

9074 

9847 

0020 

0192 

0365 

Oq3g 

07 1 1 

0883 

IO56 

1228 

252 

40. 1400 

1573 

‘745 

1917 

2089 

2261 

2433 

2605 

2  777 

2949! 

253 

3l2° 

3292 

3464 

3635 

3807 

3978 

4  *49 

43  20 

449  2 

4663 

254 

4834 

5005 

5175 

5  346 

5  5*7 

5688 

38  ^  8 

6029 

6199 

637° 

255 

6340 

6710 

688 1 

7°5  1 

7221 

7  3  9 1 

7561 

773i 

7900 

8070 

256 

824.0 

8410 

8579 

8749 

Sgig 

9087 

9257 

94.26 

9595 

9764 

257 

9933 

0102 

0271 

0440 

0608 

0777 

0946 

1 1 14 

1283 

1451 

258 

41. 1620 

1788 

7956 

2 1 24 

2292 

2460 

2628 

2796 

2964 

3*32 

259 

33°° 

3467 

3633 

3802 

3970 

4137 

43°5 

4472 

4639 

4806 

260 

49'73 

5*4° 

5307 

5474 

5641 

5808 

5974 

6141 

6308 

6474 

261 

6640 

6807 

6973 

7i39 

7306 

747  2 

7638 

7804 

797° 

8135 

262 

8301 

8467 

8633 

8798 

8964 

9129 

929; 

9460 

9625 

9791 

263 

9956 

0121 

0286 

0451 

0616 

0781 

0945 

1 1 10 

1 2  75 

*439 

264 

42. 1604 

1768 

1 933 

2097 

2261 

2426 

2590 

2  7  54 

2918 

3082 

265 

3246 

34IG 

3573 

3737 

39GI 

4064 

4228 

4392 

4555 

47.18  ■ 

266 

4882 

5°45 

5208 

537  1 

5534 

5697 

5860 

6023 

6186 

6349 

267 

63  ii 

6674 

6836  6999 

7161 

7324  7486 

7648 

781 1 

7973 

z68 

-8 1 3  5 

8297 

S459  j 

0  ^ 

802 1 

8782 

8944 

9106 

9268 

9429 

9591 

269 

9752 

99 1 4 

0075 

0236 

0398 

°559 

07  20 

0881 

1042 

120  3 

270 

43. 1 364 

IS25 

1685 

1 846 

2007 

2167 

2528 

N 

00 

00 

2649 

2S09  1 

271 

2969 

3129 

3290 

345° 

3610 

377° 

393° 

4090 

4249 

4409 

272 

4569 

4728 

4888 

5048 

5207 

5366 

5326 

5685 

5844 

6003 

273 

6163 

6322 

648 1 

6640 

6798 

6957 

7U6 

7275 

7433 

7592! 

274 

77oi 

7909 

8067 

8226 

8  384 

8542 

87OO 

8859 

9QI7 

9175 

275 

9333 

949 1 

9648 

9806 

9964 

0122 

O279 

°437 

°59t 

0752 

276 

44.0909 

1066 

1 224 

i3Sl 

1538 

^95 

1852 

2009 

2166 

2323 

277 

2^480 

2636 

2  79  3 

2950 

3106 

32^3 

3419 

3576 

3  7  3  2 

38S8 

278 

4°45 

420 1 

4357 

45 1 3 

4669 

/ 

4825 

498i 

51.37 

5293 

5448 

279 

3604 

576° 

5915 

607 1 

022t> 

6382 

65  37 

6692 

6848 

7003 

280 

7158 

73i3 

7468 

7623 

7778 

7933 

8088 

8242 

8397 

8552 

28  r 

8706 

8861 

9OI5 

9 17° 

9324 

9478 

9633 

9787 

9941 

°’o,95 

282 

45.0249 

°4°3 

°557 

071 1 

O865 

1018 

1172 

1  326 

*479 

1633 

2S3 

17  86 

1940 

2°93 

2247 

24OO 

2706 

2859 

3012 

3165 

284 

.  33'3 

3471 

3624 

3777 

393° 

4082 

4235 

43  37 

4540 

4692 

285 

4845 

4997 

5H9 

5302 

5454 

5606  5758 

59TO 

6062 

6214 

286 

6365 

65 1 8 

6670 

6821 

6973 

7125 

;  7276 

7428 

7579 

773° 

287 

7882 

8°33 

8184 

8336 

8487 

8638 

8789 

8940 

9091 

9241 

288 

9392 

9543 

9694 

9845 

9995 

0146  0296 

0447 

°597 

°747 

280 

460898 

1048 

1 1 98 

1248 

I4QS 

164.9 » 1799 

1948 

2oq8 

224? 

*  & 


*10  The  Logarithms  of  Natural  Numbers  to  3400. 


No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

290 

46.2398 

2348 

2697 

2847 

2997 

3 1 46 

3296 

3445 

3594 

3744 

291 

3893 

4042 

4]9‘ 

434° 

4489 

4639 

4787 

4936 

5085 

3234 

292 

5383 

5532 

568O 

5829 

5977 

6l26 

6274 

6423 

657* 

6719  1 

293 

6868 

7016 

7164 

73 12 

746° 

7608 

7756 

79°4 

8052 

8200 

294 

8347 

8495 

8643 

8790 

8938 

9°85 

9233 

9831 

9527 

9673 

295 

9822 

9969 

01 1 6 

0263 

0410 

°557 

0704 

0851 

O998 

II45 

296 

47.1292 

1438 

1585 

1732 

1878 

2°2  5 

217 1 

23x7 

2464 

26lO 

297 

2756 

2903 

3°49 

3 1 9  5 

334i 

*487 

3633 

3779 

3925 

4°7° 

298 

4216 

4362 

4508 

4653 

4799 

4944 

5090 

5235 

5381 

5526 

299 

5671 

5816 

5962 

6107 

6252 

6397 

6542. 

6687 

6832 

6976 

300 

7121 

7266 

741  1 

7555 

7700 

7844 

7989 

8i33 

8278 

8422 

301 

85  66 

871 1 

8855! 

8999 

9 1 43 

9287 

943i 

9575 

9  7 ' 9 

9863 

302 

48.0007 

0151 

0294 

0438 

0582 

0725 

O869 

1012 

I  I  56 

l299 

3°3 

1443 

1 586 

1729 

1 872 

2010 

2159 

2302 

2445 

2588 

2? 3*  , 

3°4 

2874 

3016 

3 1  59 

12,02 

3445 

3587 

373° 

3872 

4OI5 

4157 1 

3°5 

43°° 

444  2 

4584 

4727 

4868 

501 1 

5  !53 

5295 

5437 

3  379  ! 

306 

5721 

5863 

6005 

614-7 

6289 

6430 

6572 

°7H 

6g55 

6997  | 

3°7 

7138 

7280 

7421 

7563 

77°4 

7845 

7986 

8127 

8269 

841O 

308 

8551 

8692 

8833 

8973 

9114 

9255 

9396 

9537 

9677 

98l8 

309 

9958 

0099 

0239 

0380 

0520 

0661 

0801 

°9£i 

1081 

1222 

310 

49.1 362 

1 502 

1642 

1782 

1922 

2062 

220  X 

2341 

2481 

2621 

3 1 1 

2760 

2900 

3040 

31 79 

3319 

3458 

3597 

3737 

3876 

4C  *5 

312 

4 1 5  5 

4294 

4433 

45  7  2 

'4-7  2 1 

4850 

4989 

$  1 28 

5267 

H°6 

31 3 

5  ?44 

5683 

5822 

5960 

6099 

6237 

637  <5 

6514 

6653 

679‘ 

3H. 

693° 

7068 

7206 

7344 

7482 

762 1 

7759 

7897 

8035 

8x73 

315 

8311 

8448 

8586 

8724 

8862 

8999 

9137 

9275 

9412 

955° 

316 

9687 

9824 

9962 

0099 

0236 

°374 

05 1 1 

0648 

0785 

0922 

3*7 

^O.Ioq9 

1196 

1333 

i4  7° 

1607 

*744 

1880 

2017 

2154 

2290 

318 

2427 

2564 

2700 

2837 

2973 

3  io9 

3246 

3382 

35>8 

3634 

3J9 

3  79 1 

3927 

4063 

4199 

4335 

4471 

4607 

4743 

4878 

50x4 

320 

5150 

5286 

542  r 

5557 

5692 

5828 

5963 

6099 

6234 

637° 

321 

6305 

6640 

6775 

69 1 1 

7046 

7l8l 

7  316 

745 1 

7586 

7  721 

322 

7856 

7991 

8 1 25 

8260 

8395 

8530 

8664 

8799 

8933 

906$ 

323 

9202 

9337 

947 1 

9606 

974° 

9874 

0008 

OI43 

O277 

0411 

324. 

51.0545 

0679 

0813 

°947 

1081 

12  15 

1248 

1482 

l6l6 

^75°  1 

325 

1883 

2017 

2 1  50 

2284 

2417 

25  5* 

2684 

2818 

2951 

3084 

326 

3218 

33  ? 1 

3484 

3617 

375° 

38S3 

4016 

4149 

4282 

44i5 

327 

4548 

4680 

4813 

4946 

5°79 

5211 

5343 

.3476 

56c9 

5741 

328 

5  874 

6006 

6139 

6271 

6403 

6535 

6668 

6800 

6932 

7064 

329 

7X96 

7328 

746° 

7592 

7724 

78?^ 

7987 

8119 

825  1 

8382  | 

33° 

8514 

8645 

8777 

8909 

9040 

9i  71 

93  °3 

9434 

9563 

9697 

33 1 

9828 

9959 

0090 

0221 

0352 

0483 

0614 

°745 

O876 

1C07 

332 

^2.1 1 38 

1  269 

1400 

1530 

1 661 

1792 

1922 

2053 

2  183 

2314 

333 

2444 

2  57? 

2705 

2835 

2966 

3096 

3226 

3356 

3486 

3616 

334 

3746 

3876 

4006 

4r36 

4266 

4396 

45  26 

4656 

+783 

4^15 

33? 

.  5°4? 

?!74 

5304 

5434 

5563 

5692 

5822 

595i 

60S  I 

6210 

336 

63.39 

6468 

6598 

6727 

6856 

6985 

7**4 

7243 

73/2 

7501 

*37 

7630 

7759- 

7888 

8016 

8i45 

8274 

8402 

893  1 

8660 

S  7  S  | 

338 

8917 

9°4? 

9*74 

9302 

9434 

9559 

9687 

9815 

9943 

co  1 

3  39 

53-0200 

0328 

0456 

0584 

0712 

0840 

0968 

io95 

1223 

135* 

*£he  Logarithms  of  Natural  Numbers  to  2900. 


53**479 
2754 
4026 
5294 
6558 
7819 
9076 
54.0329 
1579 
2825 

4068 

53°7 

6;  43 

7775 

9003 
55.0228 
1450 
2668 
3883 

5°94 

6302 

75°7 

8709 

9907 
56. 1 101 
2203 

348* 

4666 

5848 
7026 

8202 

9374 

57*°543 

1709 

2872 

4031 

5188 

6341 

7492 

8639 

9784 
58.0925 
2063 

3*99 

433* 

5461 

6587 

77“ 

8831 


1607 

2882 

4*53 

542* 

6685 

7945 

9202 

°455 

1704 

2950 

4*92 

543* 

6666 

7898 

9126 

935* 

*572 

2790 

4004 

5211 


6423 
7627 
8828 
0026 
1 221 
2412 
3600 
4784 
5966 
7*44 


83  *9 
949* 
0660 
1825 
2988 
4*47 
5303 
64?6 
7607 

8754 

9898 

>®39 

2^7 

3312 

4444 

7573 

67OO 

7823 

8944 


*734 

3009 

4280 

5547 

6811 

8071 

9327 

0580 

1 829 

3°74 

4316 

5554 

6789 
802 1 
9249 

°473 

1694 

291 1 

4126 

5336 

6544 

7748 

8948 

0146 

1340 

253* 

37*8 

4903 

6084 

7262 


8436 

9608 

0776 

1942 

3*04 

4263 

54*9 

6572 

77  21 
8868 


001 2 

**53 

2291 

3425 
4557 
5686 
6812 
7925 
9°5  5 


99501 0061  0173 


1 862 

3*36 


4407  4534 


5674  5800 
6937  7063 
8197  8322 

9452  9578  _  „ 
0705 10830  ^955 
1953 12078:2203 
3*99  332j j 3447 
4440  j 45 64 14688 
567815802  5925 
6913  7036^7159 
8144  82 66  8389 
9494 | 96 1 6 


937* 

°595 

1816 

3033 

4247 

5457 

6664 

7868 

9068 

026c 

*459 

2650 

3837 

502* 

6202 

7379 

8554 
9725 
0893 
2058 
3  220 
4378 

55-34 

6687 

7836 

8983 

01 26 
1267 
2404 

3539 

4670 

5799 

6925 

8047 

9167 

0284 


2245 

35*8 

4787 

6°53 

73*5 

8574 

9829 
I  080 
2327 

357* 

4812 

6049 

7282 

8512 


7T7TI7-  9739 

07  1  7  O84O  O96 
I938  j  2060 
3I54!3276 
4368;4489 


5578| 5699 

6/85 ; 6905 
7988' 8108 
9 1 8  8 i 9308 


3336  j  345 2 

4494  4610 


9212 


*  B  2 


2l8l 

3397 

4610 

58ZO 

7026 

8228 

9428 

0624 

1817 

3006 

4192 

5375 

6555 

7732 

89O5 

OO76 

I243 

24O7 

3568 

4726 

5880 

7032 

8l8l 

9326 

O469 

I608 

2745 

3879 

5009 

61 37 

7262 

8384 

95°3 

0619 


7266 


0863 

2055 
.3244 

4429 

5612 

6791 

7967 

T—  1  ■■■  — 

9*4^ 

O3O9 
1476 
2639 
3800 

4957 

61 1 1 

7262 
84*0 

__  ?555 

0383  0607 
1722  1836 
2858  2972 
3992  4105 
$122 
6250 
7374 


8469  8589 
9667  97 87 


9023 

0193 

*359 

25  23 

3684 

4841 

5996 

7*47 

8295 

944i 


96 


5235 

6362 

7486 

8608 


0982 

2*74 

3362 

4548 

573o 

6909 

8084 

9257 
0426 
1 592 
27  55 
39*5 

5072. 

6226 

7377 

8525 

9669 

081 1 

1950 

3°s5 

4218 

5348 

6475 

7599 

8720 


9614  9726  983 
0730  0842  095 


!  # 


12 
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In 

# 

0 

I 

2 

3 

4 

5 

6 

7 

8 

0 

390 

59.1067 

1 176 

1287 

1 3  97 

1510 

1621 

1732 

r843 

1955 

20  66 

39L 

2177 

2288 

2399 

2510 

2621 

2732 

2843 

2954 

3064 

3 175 

392 

3286 

3397 

3508 

3618 

3729 

3840 

39$o 

4061 

4X7  a 

4282, 

393 

4393 

4503 

4613 

4724 

4834 

4945 

505$ 

5165 

5276 

5386: 

39+ 

5496 

5606 

5717 

5827 

5937 

6047 

6157 

6267 

6377 

6487' 

395 

6597 

6707 

6817 

6927 

7037 

7146 

725  6 

7366 

7476 

7585 

596 

7-9  > 

7805 

7914 

8024. 

8134 

8243 

8353 

8461 

i  8572 

868  £ 

3  97 

8790 

8900 

9009 

9^9 

9128 

9537 

9446 

95  56 

1 966  5 

9774: 

39° 

98*3 

9992 

0101 

0210 

©319 

0428 

0557 

c6^6 

°75  5 

O864, 

399 

00  0973 

10S2 

1 190 

l299 

1408 

1517 

1625 

1734 

1843 

1951 

400 

2060 

2169 

2277 

238  6 

2494 

2602 

271 1 

2^19 

2928 

30361' 

40  i 

3  l44 

3M2 

3361 

3469 

3577 

3685 

3794 

3902 

4010 

41 1 8i 

402 

4220 

4334 

4442 

45  50 

4658 

4766 

4874 

4982 

5084 

5 197'' 

403 

5  305 

5413 

S521 

5618 

5736 

5843 

595  1 

6059 

6 166 

62741. 

404 

6381 

6480 

6586 

6704. 

68 1 1 

6918 

7026 

7i33 

7240 

7348!* 

405 

7455 

7562 

7677 

7777 

7884 

7991 

8098 

8205 

8312 

82L1 0 

406 

8526 

8633 

8740 

8847 

8954 

9060 

9  1 67 

9-74 

938i 

9.183 

407 

9594 

97oi 

9808 

9914 

0021 

0128 

0234 

0341 

°447 

0554, 

408 

01.0620 

0767 

0873 

0979 

1086 

1 192 

1298 

1405 

1 5 1 1 

1617 

4£9 

on 

o«  1 

M 

t-i 

1 

1829 

1936 

12042 

2148 

2254 

2360 

2466 

2572 

2678' 

410 

2784 

2S90 

■2996 

3101 

3207 

3313 

3419 

3  525 

*630 

^736: 

411 

3842 

3947 

40^3 

4159 

4264 

4370 

4475 

4581 

4686 

4792 

i: 

412 

4897 

5003 

5 108 

5213 

5319 

5424 

5529 

5634 

5  740 

5845 

M 

413 

59>° 

6055 

6160 

6265 

6370 

6475 

65S0 

6685 

6790 

6895 

414 

7000 

7105 

1  7210 

7813 

7420 

7524 

7629 

7734 

7839 

7943 

4*5 

8048 

8153 

8257 

8362. 

8466 

8571 

8675 

8780 

8S84 

8989H 

410 

9093 

9198 

9302 

9406 

95U 

9615 

9719 

9823 

9928 

00321. 

417 

02.0 136 

0240 

0344 

0448 

0552 

0656 

0760 

0864 

0968 

1072  |j 

41S 

1 176 

1280 

l384 

1488 

1592  1695 

1 799 

1903 

2007 

2110 

4  9 

2214 

23x8 

242? 

25*5 

2628 

2732 

2835 

2939 

3041 

3146 

420 

3249 

n 

33')  3 

346* 

3559 

3663 

3766 

4869 

3972 

4076 

4179 

i 

421 

4282 

43^5 

4488 

4591 

4694 

47  93 

4901 

5004 

5 107 

5209 

422 

5  3 12 

54T5 

•3  5l8 

562 1 

5724 

5827 

5929 

6032, 

6135 

6238 

4?-3 

6540 

6443 

6546 

6648 

1 i> 

6853 

6956 

7058 

7161 

7263 

4-4 

7566 

7468 

757  1 

76  73 

7775 

7S78 

7980 

8082 

S1S4 

8287 

425 

8389 

8191 

8  5  93 

8695 

8797 

8900 

9002 

9104 

9206 

9308 

>}•« 

1 

426 

94io 

95H 

96/3 

97i5 

98 17 

9919 

002  r 

0123 

0224 

0326 

427 

c  ^>042  s 

053c 

063  1 

0733 

oS34 

0956 

1038 

”39 

1241 

1342 

!■ 

428 

1444 

1545 

1^47 

1748 

1849 

195  1 

2052 

2153 

2255 

2356 

1 

429 

2558 

26^0 

276 1 

2862  | 

2963 

3064 

3165 

3266  i 

3967 

430 

431 

3468  j 3569 
447  7  j  45  7  8 

3670 

4679 

3  77 1 
4779 

3872 
488  I 

3973 

4981 

4°74 

5681 

4175 

5182 

4276} 4376 
5  ~  8  Q . 5383 

432 

5  4  M 

5  5  84 

56-5 

S785 

5S86 

5986 

6086 

6187 

6287 

6388 

iii 

433 

6488 

658  8 

6688 

6789 

6889* 

6989 

7089 

7189 

7i89 

739° 

s. 

434 

7490 

7590 

7690 

7790 

7890 

7990 

8090  819c 

8289 

8399 

4>5 

848918589 

8689 

8789 

88S8 

8988 

9088 

9188 

92S7 

9387 

• 

436 

9486 

9586 

968$ 

97S$ 

9885 

9984 

0084 

0183 

0283 

0382 

:■ 

:437 

64.0841 

0581 

0680 

0779 

087  9; 

0978  i 

1077 

1 176 

1276 

1375 

438 

1474 

1573 

1672 

177  I 

1871 

1 97°  1 

2069 

2 168 

2267 

2366 

I1 

4  291 

2464I 

2563I 

2652 

2761 

2860! 

2959  i 

3058 

3156 

3255 

3354 

1- 
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N°. 

0 

1 

2 

3 

4 

5 

6 

7 

JL 

9 

440 

643.450 

55i 

650 

749 

847 

946 

044 

143 

242 

340 

441 

644.459 

537 

635 

734 

832 

93i 

029 

127 

226 

324 

442 

645.422 

520 

6  19 

7T7 

815 

913 

01 1 

109 

208 

306 

443 

646.404 

502 

600 

698 

796 

894 

991 

089 

187 

285 

444 

647.583 

48 1 

579 

676 

774 

872 

969 

067 

165 

262 

44*; 

648.360 

458 

555 

653 

7  so 

848 

945 

048 

140 

237 

446 

649.335 

432 

530 

627 

724 

821 

919 

016 

*  1 3 

2  lO 

447 

650.307 

405 

502 

599 

696 

793 

890 

987 

0S4 

181 

448 

651.278 

375 

472 

5«9 

666 

762 

859 

956 

053 

150 

449 

652.246 

84? 

44c 

536 

633 

730 

826 

923 

019 

1 16 

450 

65  3.212 

309 

405 

502 

598 

65)5 

791 

888 

984 

obo 

45  t 

654.176 

273 

369 

465 

562 

<>58 

754 

850 

946 

042 

452 

655-13^ 

234 

33i 

42  7 

523 

619 

714 

810 

906 

002 

453 

656.098 

194 

290 

386 

48 1 

577 

673 

769 

864 

960 

454 

657. os6 

151 

247 

543 

438 

534 

629 

725 

8zo 

916 

455 

658.051 

107 

202 

298 

393 

488 

584 

6  79 

774 

870 

456 

965 

060 

I5'5 

250 

546 

441 

536 

631 

726 

821 

457 

659.916 

on 

ic6 

201 

296 

39i 

486 

581 

676 

77i 

458 

660.865 

960 

°5>5 

150 

245 

340 

434 

529 

623 

718 

459 

661.813 

907 

002 

096 

191 

285 

380 

474 

569 

663 

460 

662.758 

852 

947 

041 

*35 

230 

324 

418 

512 

607 

46 1 

663.701 

795 

889 

983 

078 

172 

266 

I60 

454 

548 

462 

664.642 

736 

830 

924 

018 

I  12 

205 

299 

393 

487 

463 

665.58 1 

675 

769 

862 

956 

O50 

1 43 

2?7 

35i 

424 

464 

666.518 

612 

705 

799 

892 

986 

°79 

l73 

266 

359 

465 

667.453 

546 

640 

7  35 

826 

920 

OI3 

106 

199 

293 

466 

668.386 

479 

572 

665 

758 

852 

945 

038 

131 

224 

467 

669.317 

410 

503 

596 

689 

782 

874 

96  7 

060 

x53 

468 

670.246 

339 

431 

524 

617 

710 

802 

895 

988 

080 

469 

671.173 

265 

358 

45i 

543 

636 

728 

821 

913 

005 

470 

672.098 

190 

283 

375 

467 

560 

652 

744 

836 

929 

47 1 

673.021 

113 

205 

297 

390 

482 

574 

666 

758 

850 

472 

942 

034 

126 

218 

310 

402 

494 

58  6 

677 

769 

473 

674.861 

9$  3 

045 

136 

228 

320 

412 

503 

595 

687 

474 

675.778 

870 

961 

053 

145 

236 

328 

419 

5ii 

602 

475 

676.694 1 

785 

876; 

968 

059 

15© 

242 

333 

424 

516 

476 

677.607  | 

698 

789 

881 

972 

063 

*54 

245' 

356 

427 

477 

678.5  18 

609 

700 

79i 

882 

973 

064 

*55 

246 

337 

478 

679.428 

5i9 

610 

700 

791 

882 

973  - 

063 

154 

245 

479 

680.335 

426 

5*7 

607 

69  8 

789 

879 

970 

060 

151 

480 

681.241 

332 

422 

513 

603 

693 

784 

874 

964 

°55 

481 

682.145 

235 

326j 

416 

506 

596 

686 

777 

867 

957 

48  z 

683.047 

m 

227 

317 

407 

497 

587 

66  7 

767 

857 

483 

947 

037 

127 

ZT7  i 

307 

396 

486 

576 

666 

756 

484 

684.845 

935 

025 

114 

204 

294 

38v3 

473 

563 

652 

485 

685.74?. 

83  r 

921 

QlO 

lOO 

189 

279 

368 

457 

547 

486 

686.636 

726 

815 

904 

994 

083 

172 

261 

35i 

440 

487 

687.529! 

618 

707 

796 

885 

975 

0641 

M3 

242 

331 

488 

688.420 

509 

598 

687 

775 

865 

953 

042 

131 

220 

489 

689.309I 

398 

486  | 

575 

66  4, 

753 

841 

930 

019 

107 

4 

N*T 
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490 

491 

492 

493 

494 

495 

4  96 

497 

498 

499 

5  co 
$01 
501 

505 

504 

505 

506 

5°7 

$08 

S°9 

510 

$11 

512 

513 

514 

515 

516 

517 
$18 

5^9 

520 

$2i 

52a 

523 

524 

525 

526 

5-7 

52S 

5*9 


5>° 

532 

533 

5  34 

535 

536 

537 
533 
539 


0 

1 

2 

3 

4 

5 

6 

7 

8* 

9 

690.196 

285 

373 

462 

550 

639 

727 

816 

905 

993 

691.081 

170 

258 

347 

435 

523 

612 

7oo 

788 

877 

96; 

°53 

142 

230 

3>S 

406 

494 

5*3 

671 

759 

692.847 

935 

023 

1 1 1 

199 

287 

375 

463 

55i 

639 

693.727 

8*5 

403 

991 

O78 

166 

254 

342 

430 

5i7 

094.005 

693 

781 

868 

9  56 

044 

131 

2.19 

306 

394 

695.482 

569 

657 

744 

832 

919 

007 

094 

182 

269 

696.356 

444 

53i 

618 

70  6 

793 

880 

968 

°5  5 

142 

697.229 

316 

404 

491 

578 

665 

752 

839 

92.6 

or  3 

698.  ICO 

188 

275 

362 

448 

535 

622 

7°9 

796 

88; 

,  970 

057 

*44 

230 

3*7 

4°4 

491 

578 

664 

751 

699.838 

924 

01 1 

098 

184 

271 

357 

444 

53 1 

617 

700.703 

790 

877 

963 

050 

136 

222 

309 

395 

482 

701.568 

654 

74 1 

827 

913 

999 

086 

172 

258 

344 

702.430 

5*7 

603 

689 

775 

861 

947 

032 

119 

205 

703.291 

377 

463 

549 

635 

721 

807 

893 

979 

065 

704.150 

236 

322 

408 

494 

579 

665 

751 

837 

922 

705.008 

°94 

179 

265 

350 

436 

522 

607 

643 

77* 

864 

949 

°34 

120 

205 

291 

376 

462, 

547 

632 

706.718 

803 

888 

974 

059 

*44 

229 

3*5 

400 

485 

707.570 

655 

740 

826 

?n 

996 

081 

166 

251 

226 

708  421 

506 

591 

676 

761 

846 

93° 

015 

100 

185 

709.270 

355 

44° 

524 

609 

694 

7  79 

863 

94* 

°33 

710.1 17 

202 

287 

37i 

456 

540 

625 

710 

194 

879 

963 

048 

132 

216 

301 

385 

470 

5  54 

638 

723 

711.807 

89i 

976 

060 

144 

229 

3*3 

397 

481 

565 

712.650 

734 

8 18 

902 

986 

070 

*54 

238 

322 

406 

713-49° 

574 

658 

742 

826 

910 

994 

078 

1 61 

246 

714.330 

414 

497 

581 

665 

749 

832 

916 

000 

084 

715-167 

251 

335 

418 

502 

586 

669 

753 

836 

920 

716.003 

087 

170 

254 

337 

421 

504 

$88 

671 

754 

838 

921 

004 

088 

171 

254 

338 

421 

5°4 

58s 

717.670 

754 

837 

920 

003 

086 

1 69 

252 

336 

419 

718.502 

5*5 

608 

75i 

834 

917 

000 

083 

165 

248 

719-33 1 

4*4 

497 

580 

66% 

745 

828 

911 

994 

077 

720.159  1 242 

325 

40  7 

490 

573 

655 

738 

821 

905 

98b 

008 

*5 1 

233 

316 

39* 

481 

563 

646 

728 

721.81 I 

*93 

975 

058 

140 

222 

305 

387 

4^9 

552 

722.034  1710 

798 

881 

9ir\ 

04$ 

117 

209 

291 

374 

723.45b 

53« 

620 

702 

7*4 

866 

948 

030 

1 1 2 

1 94 

724.276 

358 

440 

522 

603'  685 

767 

849 

93 1 

013 

725.094 

176 

258 

340 

422 

5°3 

5*5 

6  67 

748 

830 

912 

993 

°75 

156 

238 

320 

401 

4*3 

564 

646 

726.727 

809 

890 

972 

053 

*34 

216 

297 

379 

460 

727.541 

623 

704 

7*5 

866 

94* 

G29 

1 10 

191 

272 

728.354 

435 

5l6 

597 

678 

759 

841 

922 

003 

084 

729.165 

246 

327 

408 

489 

570 

651 

732 

810 

893 

974 

°55 

136 

217 

298 

378 

459 

540! 621 

70 1 

730.782 

862 

944 

024 

105 

186 

166 

347 

428 

508 

731.589 

669 

75° 

830 

991 

911 

072 

152 

23? 

3*3 
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N° 

0 

s 

2 

3 

4 

5 

6 

!  7 

8 

9 

540 

73^.394 

474 

5~55 

6  35 

715 

790 

876 

956 

037 

i  17 

541 

542 

73  3- 1 97 

999 

277 

079 

358 

159 

438 

240 

518 

320 

598 

400 

679 

480 

759 

560 

839 

640 

9*9; 

720. 

543 

734.800 

880 

960 

040 

120 

200 

279 

359 

439 

5  IQ 

544 

735-599 

679 

758 

838 

918 

998 

078 

x57 

237 

317 

545 

736.396 

476 

556 

635 

7i5 

795 

874 

954 

033 

1  1 3 

546 

737.192 

272 

352 

431 

5ii 

590 

670 

749 

828 

908  ' 

547 

987 

067 

146 

225 

305 

384 

463 

542 

622 

70 1 

548 

738.78i 

860 

939 

Ol8 

097 

i77 

2s6 

355 

414 

493 

549 

739*572 

651 

73Q 

8lO 

889 

968 

047 

126 

205 

28j. 

5  50 

740.363 

442 

521 

599 

678 

757 

836 

9i  5 

994 

075 

55i 

74I*I52 

250 

309 

388 

467 

545 

624 

703 

782 

860 

552 

939 

018 

096 

175 

254 

332 

411 

489 

568 

647 ; 

553 

742-715 

804 

882 

961 

°39 

1 1 8 

196 

274 

355 

43 

554 

743-510 

588 

666 

745 

823 

902 

980 

058 

1  ,6 

215 

555 

744-293 

371 

449 

528 

606 

684 

762 

840 

9  s  8 

991 

556 

745-075 

M3 

231 

309 

387 

465 

543 

621 

699 

111 

557 

855 

933 

on 

089 

167 

345 

323 

401 

478 

55  6 

558 

746.634 

712 

790 

868 

945 

023 

ICI 

179 

256 

3  34 

559 

747.412 

489 

567 

645 

722 

800 

878 

955 

033 

1 10  1 

$60 

748.188 

256 

343 

421 

498 

576 

653 

731 

808 

885 

5*i 

963 

040 

1 18 

x95 

272 

3  50 

427 

504 

582 

659 

562 

745-736 

8j4 

891 

968 

045 

122 

200 

277 

354 

43i 

563 

750.508 

585 

663 

740 

817 

894 

971 

048 

I25 

202 

564 

751.279 

356 

433 

510 

587 

664 

741 

818 

89  5 

972 

565 

752.048 

202 

27  9 

356 

433 

5°9 

586 

663 

740 ! 

566 

8  j6 

893 

970 

047 

123 

200 

277 

353 

4  3o 

506 

567 

753-583 

660 

73 6 

8l3 

889 

966 

042 

*19 

*95 

272 

$68 

754.348 

425 

501 

578 

654 

730 

807 

885 

960 

036 

f£? 

755-1 12 

189 

265 

341 

417 

194 

570 

6  46 

722 

799 

570 

875 

951 

027 

103 

179 

256 

332 

408 

484 

560 

57i 

756-636 

712 

788 

864 

940 

016 

092 

168 

1  r 

244 

320 

57* 

757-396 

472 

548 

624 

700 

775 

85, 

927 

003 

079' 

573 

758.155 

230 

306 

282 

458 

533 

609 

685 

760 

836 

574 

912 

987 

063 

139 

214 

290 

366 

441 

517 

592 

575 

759.668 

743 

819 

894 

970 

045| 

I  2  I 

196 

272 

347 

576 

760.422 

498 

573 

649 

724 

799 

875 

950 

02$ 

100 

577 

761. 1 76 

251 

326 

402 

477 

552 

627 

702 

ill 

853 

578 

928 

003 

078 

153 

228 

303' 

378 

453 

528 

603 

■579 

762.679 

754 

829 

903 

978 

053 

128 

203 

278 

35 : 

58U 

763.428 

5°3 

568 

653 

727 

802 

877 

952 

027 

xoi 

581 

764. 176 

251 

326 

400 

475 

550 

624 

699 

774 

848 

582 

023 

998 

072 

147 

22 1 

296 

370 

445 

5  <9 

594 

583 

765.669 

743 

817 

892 

966 

041 

1 1 5 

190 

164 

338 

584 

766.413 

487 

562 

636 

710 

784 

859 

933 

007 

082 

585 

767.156 

230 

304 

378 

453 

527 

60! 

67  5 

749 

823  : 

586 

898 

972 

046 

120 

194 

26b’ 

342 

416 

490 

564  i 

587 

768.638 

712 

78  6 

860 

934 

008 

082 

156 

230 

303 

588 

769.377 

45  1 

52*5 

599 

673 

746 

820 

894 

968 

041 

589 

770,115 

189 

263 

336 

410 

484 

557 

631 

705 i 77  8 ( 
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N0. 

0 

1 

2 

3. 

4 

j 

6 

7 

8i 

9 

5  90 

770.852 

926 

999 

073 

146 

220 

293 

367 

440 

5H 

59 1 

771.587 

661 

734 

808 

881 

955 

028 

102 

1 75 

248 

59  2 

772.321 

395 

468 

542 

6i5 

688 

762 

835 

908 

98  1 

593 

773-05  5 

128 

201 

274 

347 

420 

494 

567 

640 

7i3 

594 

786 

859 

933 

006 

079 

152 

225 

298 

371 

444 

595 

774-517 

590 

663 

736 

809 

882 

95  5 

028 

100 

*73 

596 

775,246 

319 

392 

465 

538 

610 

683 

756 

829 

902 

597 

974 

047 

192 

265 

338 

41 1 

483 

5  56 

628 

598 

776.701 

774 

846 

9l9 

992 

064 

137 

209 

282 

354 

5  99 

777427 

499 

572 

644 

717 

789 

862 

934 

006 

079 

600 

778-I5 1 

224 

296 

3^8 

44 1 

513 

658 

730 

802 

601 

874 

947 

019 

091 

163 

236 

308 

380 

452 

524 

602 

779.596 

669 

141 

813 

885 

957 

029 

101 

x73 

245 

603 

780.317 

389 

461 

5  33 

605 

677 

749 

821 

89S 

965 

634. 

781.037 

109 

181 

253 

324 

396 

468 

540 

6 12 

684 

605 

755 

827 

899 

971 

042 

1 14 

186 

258 

329 

401 

606 

782.473 

544 

616 

688 

759 

831 

902 

974 

046 

117 

607 

783.189 

260 

332 

403 

475 

546 

618 

689 

76 1 

832 

608 

904 

975 

046 

1 18 

189 

261 

332 

403 

475 

546 

609 

784.617 

689 

760 

831 

902 

974 

045 

1 16 

187 

159 

6  io 

785.330 

401 

472 

543 

614 

686 

757 

818 

899 

970 

611 

786.041 

1 12 

183 

254 

325 

396 

467 

538 

609 

680 

612 

75* 

822 

893 

964 

035 

106 

x77 

248 

319 

390 

613 

787  460 

53i 

602 

673 

744 

815 

885 

956 

027 

098 

<5i4 

788,168 

239 

3  10 

380 

45* 

512 

593 

663 

734 

804 

6 1 5 

875 

946 

016 

087 

157 

228 

299 

369 

440 

510 

616 

789.^81 

651 

722 

792 

863 

933 

003 

074 

144 

215 

617 

790.285 

355 

426 

496 

567 

6  37 

707 

778 

848 

918 

61 8 

.  988 

059 

129 

199 

269 

340 

410 

48O 

550 

620 

619 

791.691 

761 

831 

901 

97i 

041 

1  if 

l8l 

252 

322 

620 

792.392 

462 

532 

602 

672 

742 

812 

882 

952 

02  2 

621 

793.092 

1 6 1 

231 

301 

37i 

441 

5ii 

581 

651 

721 

622 

790 

860 

930 

000 

070 

*39 

209 

279 

349 

418 

623 

794.488 

5S8 

627 

697 

767 

83  6 

906 

976 

045 

i 1 5 

524 

795.185 

254 

324 

393 

469 

532 

602 

67I 

74i 

810 

625 

880 

949 

019 

088 

158 

227 

297 

3  66 

436 

505 

626 

79^574 

644 

713 

782 

852 

921 

990 

060 

129 

198 

6z 7 

797.267 

337 

406 

475 

S44 

614 

685 

752 

821 

890 

628 

960 

029 

098 

167 

236 

305 

374 

443 

512 

582 

629 

798.6^  1 

720 

789 

858 

927 

99  6 

065 

134 

203 

272 

630 

799-340 

409 

478 

547 

6l6 

685 

754 

823 

892 

960 

63 1 

800.029 

098 

167 

236 

305 

373 

442 

5 11 

580 

6  48 

632 

7l7 

786 

854 

923 

992 

060 

129 

198 

266 

3>  3>  5 

633 

801.404 

4721 541 

609 ! 6 7S 

747 

815 

884 

952 

02  t 

634 

802.089 

158  226 

295 

363 

432 

500 

568 

*37 

705 

635 

774 

842 

j_9l° 

979 

047 

115 

184 

252 

320 

3S9 

636 

803.457 

525 

594 

662 

730 

798 

867  935 

003 

071 

637 

804.1 39 

208 

27  6 

344 

412 

480 

448 

616 

684 

753 

438 

821 

889 

957 

025 

093 

16 1 

229 

(297 

365 

43  3 

639 

805.501 

5  69 

1 5  37 

70s 

773 

84c 

508 

t976 

044 

1 12 
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N°. 

!  0 

1 

2 

[  JL 

4 

5 

6 

<7 

j  8 

9 

640 

806.180 

248 

316 

?«3 

45 1 

5*9 

~»7 

655 

722 

;79o 

641 

858 

926 

993 

06 1 

129 

*97 

264 

!  332 

400 

467 

642 

807.535 

603 

67O 

738 

805 

873 

94* 

!o°8 

076 

'43 

643 

808.21 1 

278 

3^6 

4*3 

481 

548 

616 

f683 

75* 

8l8 

644 

886 

953 

021 

088 

155 

223 

290 

358 

425 

492 

64; 

809.560 

627  694 

762 

829 

896 

963 

031 

098 

165 

746 

810.232 

3°o 

3^ 

434 

5GI 

568 

036 

703 

770 

837 

647 

904 

971 

038 

106 

1 73 

240 

307 

374 

440 

508 

648 

811.575 

642 

7G9 

776 

843 

CIO 

977 

°44 

1 1 1 

178 

649 

812.245 

!i2 

378 

445 

si? 

<79 

646 

Z!A 

00 

0 

846 

650 

91 3 

980 

O47 

1 14 

1  go 

-47 

3*4 

381 

447 

5  *  4 

651 

813.581 

648 

7*4 

781 

848 

9*4 

981 

048 

1 14 

1 8 1 

652 

814.248 

3H 

381 

447 

514 

580 

647 

7*4 

780 

847 

6$3 

9*3 

980 

046 

1  *3 

i79 

246 

3*2 

378 

445 

5** 

6;4 

8i5-57» 

644 

710 

777 

843 

910 

97  6 

042 

109 

*75 

6s; 

816.24I 

308 

j  374 

440 

506 

573 

b39 

705 

77 1 

838 

656 

9°4 

970 

036 

102 

169 

235 

3°I 

367 

433 

499 

657 

8i7-S*65 

632 

697 

764 

830 

89b 

962 

028 

°94 

160 

658 

818.226 

292 

358 

424 

490 

556 

022 

688 

754 

819 

659 

_ 885 

951 

017 

c83 

149 

115 

281 

346 

41 2 

478 

660 

819.544 

610 

675 

74i 

807 

873 

939 

004 

070 

*36" 

66l 

820.201 

267 

333 

398 

464 

53o 

595 

661 

727 

792 

662 

858 

924 

9g9 

055 

1 20 

186 

251 

3*7 

382 

448 

663 

^2I*5 1 3 

579 

644 

7*o 

775 

841 

90b 

972 

°37 

*03 

664 

B22.168 

233 

299 

3^4 

43° 

495 

560 

626 

691 

756 

665 

822 

887 

952 

017 

083 

148 

213 

279 

344 

409 

666 

823.474 

539 

605 

670 

735 

boo 

865 

930 

996 

061 

667 

824.126 

191 

256 

321 

386 

45* 

516 

581 

046 

7** 

668 

„  776 

841 

906 

97 1 

036 

101 

166 

231 

296 

361 

669 

025.426 

49 1 

1,5  6 

621 

686 

75* 

815 

8bo 

945 

010 

67° 

826.075 

140 

204 

269 

334 

399 

463 

528 

593 

658' 

671 

7  22 

787 

852 

917 

981 

046 

1 1 1 

*75 

240 

3°5 

672 

827.369 

434 

498 

563 

628 

692 

757 

821 

86 

950 

673 

828. 015 

080 

"44 

209 

273 

338 

402 

466 

53 1  I 

595 

674 

660 

724 

789 

s53 

918 

982 

C46 

1 1 1 

*75  i 

230 

ps 

829.304 

368 

43  2 

497 

56* 

625 

690 

754 

818  j 

882 

676 

947 

01 1 

°75 

1 39 

204 

268 

332 

396 

460 , 

524 

677 

830.589 

653 

717 

781 

845 

909 

973 

°37 

102  ■ 

166 

678 

831.230 

294 

358 

422 

486 

55o 

614 

678 

742  | 

806 

679 

680 

870 

832.509 

934 

573 

998 

637 

062 

700 

H5 

764 

189 

“828 

£53 

892 

31? 

956 

381 

Gi9 

145. 

083 

681 

833.147 

21  j 

275 

338 

402 

466 

530 

593 

657 

72 1 

682 

784 

848 

912 

975 

039 

103 

166 

230  293 

/ 

^57 

683 

834.421 

484 

548 

61 1 

675 

738 

802 

866 

929 

<-•93 

684 

835.056 

I  20 

183 

246 

310 

373 

437 

50  0 

5&4 

627 

685 

691 

754 

817 

881 

944 

co  7 

071 

*34 

*97 

261 

686 

836.324 

3S7 

45i 

5*4 

577 

640 

7°4 

7°7 

830 

803 

687 

957 

020 

083 

126 

209 

273 

336 

399 

462 

r  2C 

688 

837.588 

652 

715 

7?8 

841 

904 

967 

°93 

5Z> 
i  5b 

689 

838.219 

282 

345 

408 

47* 

534 

597 

660 

723 

786' 
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N°. 

1  ° 

1 

!  2 

3 

4  

1 

6 

7 

8 

9 

690 

[838.849 

912 

975 

038 

101 

164 

227 

2.59 

352 

4 1 5 

69 1 

839478 

54i 

604 

667 

729 

792 

855 

918 

98  r 

043 

692 

840*^6 

169 

232 

294 

557 

420 

482 

545 

608 

671 

693 

733  1796 

859 

921 

984 

046 

109 

172 

234 

297 

694 

841.359 

422 

485 

547 

610 

672 

735 

797 

8  60 

9221 

595 

984 

047 

1 10 

172 

235 

297 

360 

422 

484 

547 

696 

842.609 

672 

734 

796 

859 

921 

983 

046 

108 

170 

697 

843.233 

295 

357 

420 

482 

544 

606 

669 

731 

793 

698 

855 

918 

980 

042 

104 

166 

229 

291 

353 

415 

699 

844.477 

539 

6oi 

663 

72  6 

788 

850 

912 

974 

036 

700 

845.098 

160 

222 

284 

346 

408 

470 

532 

594 

701 

718 

780 

842 

904 

966 

028 

090 

151 

2M 

275 

701 

S46.337 

399 

5*3 

584 

646 

7081770 

832 

893 

703 

95  5 

017 

°7  9 

141 

202 

264. 

I326 

388 

449 

511 

704 

Hi-wi 

<534 

695 

758 

819 

88  x 

943 

004 

067 

i?7 

7°5 

848.189 

2s  I 

3H 

374 

435 

497 

559 

620 

682 

743 

706 

805 

866 

928 

989 

051 

I  IZ 

i74 

236 

296 

958 

707 

849419 

48 1 

542 

604 

665 

726 

788 

^49 

911 

97  2 

708 

850.033 

095 

1 56 

217 

279 

340 

401 

* 

462 

5*3 

535 

7°9 

646 

707 

769 

830 

891 

952 

014 

07  5 

136 

197 

710 

85  I.258 

3i9 

381 

442 

503 

564 

625 

686 

747 

808 

711 

870 

931 

992 

053 

lH 

J75 

236 

297 

358 

419 

712 

852.480 

541 

602 

663 

724 

735 

846 

907 

968 

029 

713 

853-089 

150 

2 1 1 

272 

335 

394 

45  5 

5 16 

57<S 

,637 

714 

<598 

759 

820 

881 

941 

002 

063 

124 

184 

245 

7 !  5 

854.306 

367, 

427 

488 

549 

610 

670 

731 

792 

852 

716 

913 

974 

034 

095 

156 

216 

277 

337 

398  459 

7*7 

855.519 

5  80  640 

701 

761 

822 

882 

943 

003 

064 

718 

856.1  24 

185 

245 

306  366 

427 

487 

548 

608 

668 

719 

729 

789 

850 

910 

970 

031 

091 

151 

1 12 

z  72 

720 

857.332 

393  453 

513 

574 

634 

694. 

754 

si. 

87? 

72  I 

93  5 

9951 

056 

116 

176 

236 

296 

357 

4i7 

477 

72  2 

858.537 

5  97 

6  57 

718 

773 

838 

898 

958 

018 

■079 

723 

859.138 

198 

258 

318 

378 

43s 

499 

559 

619 

679 

724 

739 

7  98 1 858 

918 

97s 

038 

098 

158 

218 

278 

725 

860.338 

398  458 

5 1 8 

578 

637 

697 

757 

817 

877 

726  I 

937 

99  <S: 

056 

1 16 

1 76 

236 

295 

355 

4*5 

475 

727 

861.534 

5941 

654 

714 

773 

833 

893 

952 

012 

072 

72.8 

862. 13 1 

191 

25 1 

310 

370 

430 

489 

549 

6c8 

668 

729 

727 

7S7 

846 

906 

966 

025 

085 

*44 

204 

262 

730 

863.323 

382 

442 

501 

561 

61 0 

6S0 

739 

798 

858 

731 

9*7, 

977 

036 

096 

*55 

214 

274 

333 

392 

452 

73?' 

864  5  1 1 

57o 

630 

689 

748 

808 

867 

926 

985 

045 

733 

865  104 

163 

222 

zS2 

34* 

400 

459 

$18 

57s 

637 

731 

696 

75  5 

8:4 

873 

9)3 

992 

051 

1 10 

169 

228 

735 

S66.2  8  7 

34  6 

405 

465 

524 

583 

642 

701 

760 

819 

736 

878* 

937 

99 6 

055 

”4 

*73 

232 

291 

350 

4°9 

737 

867467 

5  26 

585 

644 

703 

762 

821 

880 

939 

997 

738 

868.056 

1 1  5 

174 

253 

292 

35o 

409 

468 

527 

586 

7?Q 

644’ 

702 

762 

821 

870 

Q28 

eg  7 

os6 

ri'4 

T  72 
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Np 

0 

1 

2 

3 

4  ! 

5  1 

6 1 

7  1 

8 

9 

740; 

869  232 

290 

349 

408 

466  j 

525 

584 

642J 

701 

760 

74 1  j 

8 1 8 
870404 

87/ 

933 

994 

o53| 

1 1 1 

170 

228 

287 

345 

742  i 

462 

^zx 

579 

638 

696 

755 

813 

872 

930 

743! 

9^9 

047 

106 

164 

223 

281 

339 

39s 

456 

5*5 

744; 

871  573 

63  1 

690 

748 

806 

863 

923 

981 

040 

098 

745  | 

872-156 

215 

273 

33 1 

389 

449 

506 

564 

622 

681 

74^1 

739 

797 

855 

9*3 

972 

030 

088 

146 

204 

262 

747  j 

873-321 

373 

437 

495 

553 

61 1 

669 

727 

785 

843 

743  i 

902 

960 

0 1 7 

076 

134 

192 

250 

308 

366 

424 

749: 

874.482 

540 

598 

656  j 

714 

772 

830 

887 

94  5 

003 

75oj 

875.06 1 

t  ?9 

177 

23  5i 

293 

35* 

4°9 

466 

524 

582 

75«l 

640 

698 

756 

813  1 

871 

929  987 

045 

102 

1 60 

752 

876.218 

276 

333 

39  >  ! 449 

506 

564 

622 

680 

737 

753  i 

795 

853 

910 

968  1 

026 

083 

1 4 1 

198 

256 

314 

754I 

877-371 

429 

486 

544  j  602 

659 

7i7 

774 

832 

889 

755  j 

947 

004 

062 

1 1 9 

1 77 

234 

292 

3491407 

464 

756 

878-522 

579 

637 

694 

751 

809 

866 j 

924 

981 

038 

757 

879-096 

153 

21 1 

268 

323! 

333 

440 

497 

555 

612 

758 

669 

726 

784 

841 

898 

956 

0 1  3 

070 

127- 

1 85 

759 

880.242 

299 

356 

413 

47 1 

528 

;85 

642 

699 

756 

7  60 

814 

871 

928 

98S 

042 

°99 

1 5  6 

213 

270 

328 

761 

881.385 

442 

499 

556  1 

613 

670 

727  784 

841 

898 

762 

955 

012 

obg 

1 26 ! 

183 

240 

297 1  354 

411 

468 

763 

882.524 

581 

638 

695  i 

752 

809 

366  |  923 

980 

036 

764 

883.093 

150 

207 

264 

221 

377 

434  49 1 

548 

605 

7^5 

66 1 

718 

775 

83Z 

888 

945 

002 

°59 

1  *5 

172 

766 

884.129 

285 

342 

399 

455 

5*2 

569 

625 

682 

739 

761 

795 

852 

9°9 

96; 

022 

078 

i35 

1 9 1 

!  248 

305 

768 

885-361 

418 

474 

53* 

587 

644 

700 

757 

813 

870 

769 

916 

983 

039 

096 

152 

209 

265 

321 

378 

434 

770 

886.491 

547 

603 

660 

716 

773 

829 

885 

942 

998 

77l 

887-054 

hi 

167 

223 

280 

336 

392 

448 

,'5°5 

561 

77* 

6 1  7 

674 

73o 

786 

842 

898 

955 

01 1 

067 

123 

773 

8~88- 179 

236 

292 

348 

j  4°4 

460 

516 

573 

629 

68  5 

774 

741 

797 

853 

9°9 

•965 

021 

077 

*34 

1 190 

246 

775 

889.302 

358 

4  ■  4 

470 

526 

582 

638 

694 

7  5° 

806 

776 

862 

918 

974 

030 

085 

141 

1 9  7 

253 

3°9 

365 

777 

890-  421 

477 

533 

589 

644 

700 

756 

8l2 

868 

924 

778 

980 

035 

091 

i47 

203 

259 

3*4 

370 

426 

482 

779 

891-537 

593 

649 

7°5 

760 

816 

872 

927 

i9s3 

°39 

780 

892.095 

1 50 

206 

262 

i3l7 

373 

428 

484 

i  54° 

595 

781 

651 

707 

762 

818 

873 

929 

985 

O4O 

oq6 

i?i 

782 

893  .207 

2  62 

318 

373 

429 

484 

54° 

595 

|65i 

706 

783 

762 

817 

873 

928 

984 

039 

094 

ICO 

i  2,0  c 

26 1 

784 

894  3 ! 6 

371 

427 

48z 

538 

593 

648 

704' 759 

S14 

785 

870 

925 

980 

036 

091 

146 

201 

*57 

312 

367 

786 

O 

895*422 

47'3 

533 

588 

643 

699 

754 

809  864 

919 

7«7 

975 

030 

08  5 

140 

*95 

251 

306 

361 

416 

47? 

788 

3  95.526 

581 

636 

691 

747 

802 

8c7 

!qI2  067 

022 

789 

897.077 

132 

187 

242  1297 

352'  4° 7 

1 462 

517 

5  72 

C  2 


*20  The  Logarithms  of  Natural  Numbers  to  8400. 


N«. 

0 

1  1 

2. 

.L 

4 

5 

6 

7 

8 

9 

790 

897.627 

6821737 

792 

847 

902 

957 

012 

067 

122 

791 

898.170 

251  | 

286 

34i 

596 

45i 

506 

561 

615 

670 

7  pi 

725 

780  j 

835 

890 

944 

999 

054 

109 

104 

218 

793 

899.273 

328  | 

333 

437 

492 

547 

602 

656 

711 

7  66 

794 

820 

875  s 

93° 

985 

039 

094 

149 

203 

258 

312. 

795 

900.367 

4'22  i 

476 

53i 

586 

540 

695 

749 

804 

858 

796 

913 

968 

022 

077 

131 

186 

240 

295 

349 

404 

797 

901.458 

567 

622 

676 

73i 

785 

840 

894 

948 

902.003 

057 

112 

166 

220 

275 

329 

384 

438 

492 

799 

547 

6ol 

655 

710 

818 

873 

927 

98 1 

036 

800 

903.090 

144 

IpB 

253 

307 

361 

416 

470 

524 

57* 

801 

632 

687 

741 

795 

849 

903 

958 

012 

066 

120 

802 

904>i74 

228 

283 

337 

39i 

445 

499 

553 

607 

56i 

803 

7i5 

770 

824 

878 

932 

986 

040 

094 

148 

2o2 

804 

905.256 

310 

364 

418 

472 

526 

5  80 

634 

688 

742 

805 

796 

850 

904 

958 

012 

065 

119 

*73 

227 

28l 

806 

906.335 

3S9 

443 

497 

5  50 

604 

6$8 

712 

766 

820 

807 

873 

927 

981 

035 

089 

142 

196 

250 

304 

358 

^08 

907.41 1 

465 

519 

573 

626 

680 

734 

7S7 

841 

895 

809 

948 

002 

056 

109 

163 

217 

270 

324 

378 

43l 

810 

908.485 

539 

592 

646 

699 

753 

807 

860 

914 

967 

8  1 1 

909.021 

074 

128 

181 

235 

288 

342 

395 

449 

502 

812 

556 

609 

663 

716 

770 

823 

S77 

930 

984 

037 

813 

910.090 

144 

197 

251 

304 

958 

41  i 

464 

5i8 

571 

814 

624 

678 

73  1 

784 

838 

89I 

944 

998 

051 

104 

8i5 

911,158 

2IE 

264 

3i7 

371 

424 

477 

530 

584 

637 

816 

690 

743 

797 

850 

903 

95  6 

009 

063 

1 16 

169 

817 

912.222 

275 

328 

381 

43  5 

488 

54i 

594 

647 

700 

818 

753 

806 

859 

913 

956 

019 

072 

125 

178 

231 

819 

913.284 

337 

390 

443 

496 

549 

602 

655 

708 

761 

820 

814 

867 

920 

973 

026 

079 

£31 

1 84 

2,37 

290 

821 

914-54? 

396 

449 

502 

555 

608 

660 

7*3 

7  66 

819 

822 

872 

925 

977 

030 

083 

136 

1S9 

241 

294 

347 

813 

915.400 

453 

505 

558 

6 1 1 

65  4 

7i5 

769 

822 

874 

824 

927 

980 

033 

085 

138 

191 

2.43 

296 

349 

4©  1 

825 

916.454 

507 

559 

612 

664 

7l7 

770 

82i 

871 

927 

826 

980 

033 

085 

138 

190 

243 

295 

348 

400 

45  3 

827 

917.505 

558 

610 

663 

7l5 

708 

820 

873 

925 

978 

828 

918.030 

083 

*35 

188 

240 

292 

345 

397 

450 

502 

829 

554 

607 

660 

712 

764 

816 

869 

92  r 

97} 

026 

830 

919.078 

130 

183 

235 

287 

340 

392 

444 

4  96 

549 

83 1 

601 

653 

705 

758 

8 10 

862 

914 

967 

019 

071 

832 

920.1 23 

175 

228 

280 

332 

384 

433 

849 

54i 

593 

83  8 

645 

69  7 

749 

801 

853 

906 

958 

010 

062 

114 

*34 

921.165 

218 

270 

322 

374 

426 

478 

530 

582 

634 

835 

686 

738 

790 

842 

891 

946 

998 

050 

102 

154 

83  5 

922.206 

258 

3io 

362 

414 

466 

$18 

5  70 

622 

674 

s37 

725 

777 

829 

881 

933 

985 

o37 

088 

140 

192 

838 

923.244 

296 

348 

399 

45i 

503 

555 

607 

658 

710 

839 

762 

814 

865 

717 

969 

02 « 

072 

124 

176 

288 

Tfhe  Logarithms  o  f  Natural  Numbers  to  8900  *21 


N°. , 

O 

I 

2  1  3  , 

4 

5. 

6 

7 

8  . 

9 

8401 924*279  * 

383  434^6 

5*3 

589 

041 

693 

744 

841 

7 96  * 

48 

899  951 ;002 

054 

io5 

157 

iOy 

260 

842  925.312 

364 

415  4S7 hi8 

57° 

621 

673 

724 

776 

843 

827  < 

?7  9 

93 I J  982  | 

03* 

085 

137 

i8.j 

239 

291 

844I925.342 

394 

443  497 1 

44* 

5oo 

551 

7>2 

754 

805 

84s 

857 

908 

959  on 

052 

1 1 4 

165 

2l5 

268 

319 

846  927.370 

422 

47  3  15 2  4 1 

57  6 

627 

678 

730 

781 

832 

847 

883 

935 

986  037  j 

08S 

140 

191 

242 

293 

345 

848 1 928.396 

447 

498  549 

5oi 

5  52 

703 

754 

805 

856 

849| 

908 

9  S  9 

oio|o5  r 

1 12 

163 

214 

269 

3*7 

368 

8 $o|  929.419 

470 

521  572 

623 

674 

725 

77* 

827 

378 

851 

930 

981 

032  083 

134 

18$ 

2  0 

287 

338 

389 

852  930.440 

491 

54IH92 

643 

694 

745 

796 

847 

898 

S853 

949 

000 

05  i  102 

153 

203 

254 

305 

356 

407 

[854 1  93 r.458 

509 

560  6lO 

55i 

712 

763 

8X4 

864 

9*5 

966 

017 

o58  1 18 

169 

220 

271 

321 

372 

423 

856  931.474 

524 

575  626 

677 

727 

778 

829 

879 

930 

857 

981 

03 1 

082  U33 

183 

234 

285 

335 

3S6 

437 

8^8  953.487 

588  639 

690 

740 

79i 

841 

892 

943 

j  8$9 1 

993 

044 

094  h  45 

195 

245 

296 

347 

397 

448 

I  860I  934*498 

■>49 

599  650 

700 

75i 

801 

852 

902 

953 

1  861  935.003 

054 

104  154 

20$ 

255 

306 

356 

406 

457 

862 

507 

558 

<5081638 

709 

759 

809 

860 

910 

960 

86*1935.011 

061 

1 11 j 162 

212 

252 

3i3 

36? 

413 

463 

864 

514 

564 

614  654 

715 

765 

3i5 

865 

916 

966 

1 86$  937*016 

o56 

n5|  167 

117 

267 

3*7 

367 

418 

4  68 

8  55 

$18 

08 

5i8 | 558 

718 

769 

8  19 

869 

919 

969 

867  938*019 

069 

1 19  169 

219 

269 

319 

970 

420 

470 

868 

$20 

570 

620  670 

720 

779 

820 

870 

920 

970 

1 8691939*020 

070 

1 20 j  I70 

220 

270 

3_i9 

3*9 

419 

469 

870 

5i9 

$69 

6 1 9 1 669 

7i9 

759 

819 

868 

918 

968 

1 871  j  940.018 

068 

118  168 

,ai8 

267 

3*7 

367 

417 

467 

1  872 1 

516 

05 

6i6|655  1716 

765 

815 

865 

9*5 

964 

873  941.014 

064 

1 14 1163 

1213 

263 

3*3 

362 

412 

462 

874 

5*1 

561 

5i  1  65o 

710 

*760 

• 

809 

8.59 

909 

958 

875  942.008 

058 

107  157 

2o5 

256 

306 

355 

405 

454 

8761 

504 

554 

603  653 

702 

752 

801 

851 

900 

950 

877  948*000 

049 

099 1 148 

198 

247 

297 

346 

396 

445 

878 

494 

544 

593  643 

592 

742 

79i 

841 

890 

939 

879 

989 

038 

088  137 

186 

236 

285 

3  35 

04 

433 

880 1  < 

944.483 

532 

$8l  63  J 

680 

729 

779 

828 

877 

927 

881 

976 

025 

074  124 

173 

222 

272 

321 

370 

4*9 

882) 

94$.459 

518 

567  6l6 

66  5 

7*5 

764 

813 

862 

9x1 

882] 

96l 

OlC 

059  108 

*57 

207 

20 

305 

354 

403 

884  946.4*52 

5o1 

$50  5oo 

649 

598 

747 

796 

845 

894 

885 

943 

992 

041  090 

139 

189 

238 

287 

336 

385 

886  J 

947-434 

483 

532  581 

630 

679 

728 

111 

826 

875 

887 

924 

973 

021  070 

119 

168 

217 

i65 

3i5 

364 

888 

948.413 

462 

$  1 1  I  0O 

608 

657 

706 

755 

804 

853 

889I 

902 

95i 

000*048 

097 

146 

i95 

244 

292  34l 

*22  The  Logarithms  of  Natural  Numbers  to  9400. 


N°. 

°  - 

1 

2 

3 

4 

5 

5 

7 

8 

9 

890 

949.39O 

439 

488 

536 

585 

634 

683 

731 

780 

829 

591 

878 

;  925 

975 

024 

073 

12  1 

170 

219 

267 

316 

892 

950.365 

4!3 

462 

511 

560 

608 

6  57 

7°5 

754 

803 

893 

851 

j  900 

949 

997 

045 

°95 

143 

192 

240 

289 

894 

951-337 

036 

43  5 

483 

532 

580 

629 

677 

726 

774 

895 

283 

872 

920 

969 

017 

066 

u4 

163 

211 

259 

896 

951.308 

356 

405 

453 

502 

55o 

599 

647 

696 

+  7 

744 

897 

792 

841 

88  9 

958 

986 

034 

083 

121 

180 

/  TT 

228 

898 

953-27i5 

325 

373 

421 

470 

5i8 

566 

5 1 5  '662 

7 1 1 

899 

760 

808 

8  $5 

905 

953 

00I 

049 

098 

jI46 

194 

900 

954-242 

291 

339 

387 

435 

484 

531 

580 

628 

677 

901 

725 

773 

821 

85p 

918 

966 

014 

062 

1 10 

158 

902 

955. 2o5 

255 

303 

35i 

39? 

447 

495 

543 

<92 

640 

903 

688 

735 

784 

832 

880 

928 

97  6 

024 

)  s 

072 

1 20 

904 

956. 168 

2l5 

264 

312 

561 

409 

457 

505 

S53 

60  L 

905 

649 

697 

744 

79  2 

840 

888 

936 

984 

022 

080 

906 

957-128 

176 

224 

272 

320 

363 

416 

464 

J 

511 

559 

907 

655 

703 

75i 

799 

847 

89  4 

942 

090 

O38 

908 

958.085 

134 

1 8 1 

229 

277 

325 

373 

420 

7  / 

468 

5 16 

909 

564 

611 

659 

707 

755 

803 

850 

898 

946 

994 

910 

959.041 

084 

*37 

184 

232 

280 

328 

375 

423 

471 

911 

518 

566 

6x4 

55i 

709 

757 

804 

852 

900 

947 

912 

995 

042 

090 

138 

185 

233 

280 

328 

376 

423 

913 

960.471 

518 

566 

613 

65 1 

709 

756 

804 

851 

899 

914 

946 

994 

041 

089 

1  $6 

184 

23  1 

2,79 

326 

374 

915 

951.421 

469 

5 16 

563 

61 1 

658 

706 

753 

Sox 

848 

y  1 6 

896 

943 

990 

033 

085 

132 

180 

227 

275 

322 

917 

962.369 

417 

464 

5ii 

559 

6o5 

653 

701 

748 

795 

918 

843 

890 

937 

985 

032 

079 

126 

‘74 

2  2  1 

268 

919 

9^3.315 

353 

410 

457 

504 

552 

599 

646 

693 

741 

9  20 

78S 

835 

882 

929 

977 

02,4 

071 

1 18 

1 65 

2 1 2 

92i 

964.250 

3°7 

354 

401 

44.3 

471 

542 

590 

637 

6S4 

92  2 

731 

773 

825 

872 

919 

956 

013 

060 

108 

i55 

923 

955.202 

249 

296 

390 

457 

484 

53i 

578 

625 

924 

672 

719 

765 

813 

85o 

907 

954 

00 1 

*  /  v/ 
048 

095 

925 

966.142 

189 

235 

183 

329 

376 

423 

470 

5J7 

$64 

920 

6(  1 

658 

705 

752 

798 

845 

892 

939 

986 

033 

927 

907.080 

127 

173 

220 

257 

314 

35i 

408 

454 

501 

928 

543 

595 

642 

688 

735 

782 

829 

871 

T  2  f 

922 

96  9 

920 

968.01 5 

052 

109 

156 

203 

24.9 

295 

343 

389 

436 

930 

483 

530 

576 

523 

670 

716 

763 

8  LO 

— 

856 

903 

93 1 

950 

995 

043 

090 

156 

1 83 

229 

2?6 

323 

369 

933 

909.416 

452 

509 

556 

602 

649 

695 

742 

788 

*35 

933 

882 

929 

975 

021 

068 

1 14 

161 

207 

254 

300 

934- 

97°-847 

393 

440 

485 

533 

579 

625 

672 

710 

76, 

935 

93^ 

8f2 

971-276 

858 

322 

904 

369 

95i 

4i5 

997 

461 

°44 

508 

090 

554 

1 37 

600 

1 83  |229 
647  602 

9?7, 

740 

786 

832 

879 

9Z5  j 

9  71 

018 

064 

1  IQ 

156 

938 

9J9_ 

972.203 
665  1 

249 

7X2 

295 

758 

342 

804 

338 

iii 

434 

897 

480 

943 

127 

939 

573 
03  5 

6I9 

082 

The  Logarithms  of  Natural  Numbers  to  9900,  *23' 


No 

°  i 

1  1 

2 

3 

4  i 

5_ 

6 

8  _ 

9_ 

940 

973-128 

1 74  I ; 

220 

l66 

3*3  : 

559 

4-°5 

451 

t97  ■ 

>43 

94* 

590 

636 

j82  ; 

728 

77  4 

820 

866 

9 1 3 

9S9  ‘ 

942 

974.051 

c97 

'43 

89 

235 

281 

327 

373 

420 

466 

949 

$12, 

558 

604 

350 

696 

742 

788 

834 

880 

926 

944 

972 

01 8 

064 

I  IO 

1 56 

202 

248 

294 

340 

386 

945 

97  5*43  2  j 

478 

524 

57° 

616 

661 

707 

753 

799 

845 

946 

891 ! 

937 

983 

029 

075 

121 

166 

21  2 

258 

3°4 

947 

976.350! 

396 

442 

487 

533 

579 

625 

67 1 

7*7 

76  2 

948 

8c8 

8  54 

900 

946 

99 1 

037 

083 

1 29 

*75 

220 

949 

977.266 

312 

358 

403 

449 

495 

541 

q86 

632 

678 

950 

724 

769 

81; 

86l 

906 

952 

997 

043 

089 

*35 

95 1 

978.180 

226 

272 

3*7 

363 

4°9 

454 

500 

;46 

59 1 

9$2 

637 

683 

72S 

774 

819 

865 

911 

956 

OC2 

°47 

953 

979.093 

138 

184 

230 

275 

321 

366 

412 

457 

5°3 

954 

548 

594 

639 

685 

73o 

776 

821 

867 

912 

958; 

955 

980.00$ 

049 

O94 

140 

185 

231 

276 

322 

367 

412 

956 

458 

5°3 

549 

594 

640 

685 

730 

776 

821 

867 

957 

912 

957 

003 

048 

093 

1 39 

184 

229 

275 

320 

958 

98 1.365 

41 1 

456 

5CI 

547 

592 

637 

683 

728 

773 

959 

819 

864 

909 

954 

000 

045 

090 

*35 

1 81 

220 

960 

982.271 

3 1 6 

362 

407 

45  2 

497 

543 

588 

633 

678 

961 

723 

769 

814 

859 

9°4 

949 

994 

°4° 

085 

130 

962 

983.175 

220 

265 

3 10 

356 

401 

446 

49 1 

963 

626 

671 

716 

762 

807 

852 

897 

942 

9S7 

03  z 

964 

984-077 

122 

167 

212 

257 

302 

347 

392 

437 

482 

96? 

527 

572 

617" 

662 

7°7‘ 

752 

797 

842 

887 

932 

966 

977 

022 

067 

1 1 2 

1 57 

202 

247 

292 

337 

302 

967 

985.426 

47- 1 

5*6 

561 

606 

651 

696 

74 1 

786 

830 

968 

8  75 

I92O 

965 

010 

055 

ICO 

*44 

189 

234 

2  79 

969 

986.324 

'  369 

41 3 

458 

5£3 

148 

593 

637 

682 

727 

970 

971 

772. 

987.219 

8l6 

264 

861 

3°9 

906 

353 

951 

398 

995 

443 

040 

487 

085 

532 

1  3° 
577 

*74 

622 

...AG 

972 

666 

71  I 

75  6 

800 

845 

890 

934 

979 

024 

OO  O 

973 

988.113 

1  57 

Z02 

247 

291 

336 

381 

425 

470 

1  2^- 

974 

559 

603 

648 

693 

737 

782 

826 

871 

915 

960 

975 

989. co5 

049 

°94 

138 

183 

227 

272 

316 

361 

405 

976' 

450 

494 

539 

5s3 

628 

672 

717 

761 

8c6 

85O 

977 

S  89* 

939 

9S3 

028 

072 

117 

161 

206 

250 

294 

97S 

979 

990,339 

783 

383 

827 

428 

871 

47  2 
916 

5 1 6 
960 

561 

004 

605 

049 
— - 

650 

^93 

694 

637 

73* 

182 

980 

991.226  270 

3 1  5 

359 

4°  3 

448 

492 

536 

580 

625 

981 

1  £6$  7i3 

757 

802 

846 

890 

934 

979 

023 

067 

982 

992. U  r 

1 56 

200 

244 

288 

333 

377 

421 

46; 

5°9 

983 

553 

598 

642 

686 

730 

774 

818 

863 

9°7 

951  ; 

984 

995 

039 

083 

127 

172 

216 

260 

304 

348 

392 

98$ 

993.436  480 

524 

568 

612 

657 

701 

745 

789 

833 

986 

877  921 

965 

009 

°53 

°97 

141 

185 

229 

273 

987 

994.317  361 

405 

449 

493 

537 

581 

1 625 

669 

I713 

988 

757  801 

845 

889 

933 

967 

c  2 1 

S  c6^ 

jo8 

I  1 52 

989 

995-196  240 

284 

328 

37 2 

416 

4O0 | 50^ 

547 

*59*, 

*  24  ^  be  Logarithms  of  Natural  Numbers  to  10000. 


N°. 

0 

j  1 

s  2 

1  3 

4 

5 

6 

7 

8 

9 

99° 

993-63; 

679 

723 

767 

81 1 

8;4 

898 

942 

986 

030 

991 

996.074 

117 

!  161 

205 

2  49 

293 

336 

380 

424 

468 

99z 

512 

555 

1599 

643 

687 

73° 

774 

818 

862 

905 

993 

949 

’  993 

037 

c8c 

124 

168 

212 

255 

299 

343 

994 

997.386 

430 

474 

5*7 

561 

605 

648 

692 

736 

779 

99? 

823 

867 

91° 

954 

998 

041 

08c 

128 

172 

216 

99° 

998.259 

3©3 

346 

39^ 

434 

477 

521 

564 

608 

652 

997 

695 

739 

782 

826 

869 

9l3 

956 

oco 

043 

087 

998 

999- *3© 

*74 

218 

261 

3°5 

348 

392 

435 

478 

522 

999 

56; 

609 

632 

696 

739 

783 

826 

870 

913 

957 

/ 


/ 


l 


'4 


\ 


{  ■ 


/ 


A 


TABLE 

v  • 

O  F 


Artificial  or  Logarithmic 

SINES  and  TANGENTS, 


To  every  Degree  and  Minute  of  the 

Quadrant. 


A 


ABLE 


O  F 


* Artificial  or  Logarithmic 


s 


N  E  S> 


To  every  Degree  and  Minute  of  the 

Quadrant, 


I 


A  A  able  of  Logarithmic  Sines . 


Min. 

0  Deg. 

t  Deg. 

2  Deg. 

3  Deg. 

_4  Deg- 
8.843584 

5387 
7183 
8971 
S. 85075 1 
2524 

0 

1 

2 

3 

4 

5 

0 

6.463726 

6.764756 

6.940847 

7.065786 

7.162696 

0.2^1855 

49033 
56094 
63042 
6988 1 
76614 

8  542819 
46422 

49995 

53539 

57054 

60540 

8.71 8800 
21204 

23595 

25972 

28337 

8.730688 

6 

7 

8 

9 

10 

7.241877 
7.308824 
7 . 3 66  8  s  6 
7.417968 

7.463725 

—  ' 

7  So>n8 
7.542906 
7-577663 
7.609853 

7.639816 

- — 

8324; 

»97/3 

96207 

8.3O2C46 

O8794 

63999 

67431 

70836 

742I4 

77,66 

3027 

5353 

7667 

9969 

8.742259 

4290 

6049 

7801 

n  ,9546 

8.861283 

11 

12 

13 
H 
*5 

14954 

21027 

27016 

32924 

387^3 

80892 

84193 

87469 

90721 

93948 

4536 

6801 

9cSi 

8.751297 

3528 

3014 

4733 

6454 

8165 

9868 

l6 

*7 

18 

19 

20 

7.667844 

7.694173 

7.71S997 

7-742477 
7-7^ 4754 

44504 

50180 

557^3 

61315 

66777 

^97*52 

8.600332 

<03489 

06623 

°9734 

5747 

7955 
8.7601 51 

2337 

45 1 1 

8.871 565 

3255 

49  3^ 
6615 

8285 

Min 

o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 
12 

*3 

H 

V5 

16 

17 

18 

19 

20 


A 


TABLE 

O  F 


Artificial  or  Logarithmic 


TANGENTS, 

To  every  Degree  and  Minute  of  the 

Quadrant. 


A  Table  of  Logarithmic  Tangents. 


Min. ! 

0  Deg. 

1  Deg. 

2  Deg. 

3  Deg. 

4  Deg- 

Min 

o 

0 

8.241921 

8.543083 

8.7 198  96 

8.844644 

O 

l 

6.463726 

49101 

46691 

21806 

6455 

1 

2 

6.764756 

56165 

50168 

24203 

8260 

2 

3 

6:940847 

63115 

53817 

26588 

8.850057 

3 

4 

7065786 

69956 

57336 

28959 

1846 

4 

5 

7.162696 

76691 

60828 

8.731317 

3628 

5 

6 

7.241878 

83323 

64291 

366  ^ 

5403 

'  V 

7 

7.30882$ 

89856 

67717 

5996 

7171 

7 

3 

7.366817 

96292 

7Il37 

8317 

S932 

8 

9 

7.417970 

8.302633 

74520 

8.740626 

8  .S6c686 

9 

IO 

7.463727 

08884 

77877 

2922 

2433 

IO 

1 1 

7.505125 

15046 

81208 

5207 

4172 

u 

12 

7.542909 

21122 

7479 

5905 

12 

1 1 

7-57767' 

27114 

87794 

9740 

7632 

13 

H 

7.609857 

33025 

91051 

8.75x989 

9551 

14 

*5  . 

7.639820 

38856 

94285 

4227 

8.87 i064 

i5 

i  6 

7.667*49 

44610 

97492 

6453 

2770 

16 

17 

7.694179 

50289 

8.600677 

8663 

4469 

17 

l8 

7.719003 

55895 

03839 

8-760872 

6l62 

18 

19 

7. 74^4 

61430 

06973 

3065 

7849 

19 

20 

7.764761. 

66894 

10094 

52,p 

9529 

20 

*D  2 


*28  A  Table  of  Logarithmic  Sines. 


Min. 

!  0  Deg. 

t  Deg. 

2  Deg. 

3  Deg, 

4  Deg. 

Min. 

21 

22 

23 

M 

2$ 

7-7*5943 

7.806I46 

7*  25451 

7-  43934 

i  7*  61662 

8- 372171 

8.  77499 
8.  82762 
8.  87962 
8.  93101 

8.612823 
8.  5891 
8.  8937 

8.621962 
8.  4965 

8.766675 
8.  8827 

8.770970 

8.  3101 
8.  5223 

8.879949 
8,881607 
8.  3258 

8.  4903 
8.  6542 

21 

22 

23 

24 

25 

26 

27 

2g 

ip 

30 

7.  78695 
7*  95085 
7*9ic88o 

7*  26119 
7-  40842 

8.  98179 
8.403199 
8.  08161 
8.  13068 
8.  17919 

8.  7948 
8.63091 1 

8.  3854 

; 8.  6776 

!  8.  9680 

8«  7333 
8.  9434 
8.781524 
8.  3605 
8.  5675 

8.  8174 

8*  9801 
8.891421 
8,  3035 

8.  4643 

26 

27 

28 

29 

30 

31 

^2 

33 

34 

35 

7.  55082 
7*  68870 
7*  82235 
7*  95/98 
8.007787 

8.  22717 
8.  27462 
0.  52156 
8.  36800 
8.  41394 

8. 642  5  63 
8.  5428 

8.  8274 

8.65 i 102 
8.  3911 

8«  7736 
8.  9787 
8.791828 
8.  3859 
8.  5881 

8.  6245 

8.  7842 

8.  9432, 

8.901017 
8.  2595 

31 

32 

33 

34 

35 

3^ 

37 

33 

39 

40 

8.  20021 
8.  3 1 9 1 9 
8.  43501 
8.  54781 
8.  65776 

8.  45941 
8.  50440 
8.  54893 
8.  $9301 
8.  63665 

8.  6702 

8-  9475 

8.662230 
8.  4968 

8.  7689 

8.  7894 

8.  9897 

8.801891 
8.  3876 
8-  5§5* 

8.  4168 
8.  5736 
8.  7297 

8.  8853 

8'9i04o4 

36 

37 

ss 

39 

40 

41 

41 

43 

44 
55 

46 

47 

48 

49 

50 

8.  76500 
8.  86965 
8.  97183 
8. 107167 
8.  16926 

8.  67985 
8.  72263 
8.  76498 

8.  80693 
8.  84848 

8.670393 

8.  308© 

5  5751 

8.  8405 
8.681O43 

8.  7819 

3.  9 777 
8.8JI726 
8.  3667 

8.  5598 

8.  1949 

8*  3488 
8.  5022 
8.  655© 

8.  8073 

41 

42 

43 

44 

45 

46' 

47 

48 

49 

50 

8.  26471 
8.  35810 

3*  44953 

8.  55907 

8.  62681 

8.  88963 
8.  93040 
8.  97078 
8.501080 
8.  0^045 

8.  3665 
8.  6272 
8.  8862 

8.691438 
8.  3998 

8.  7522 
8.  9436 
8*821342 
8.  3240 
8.  5130 

8.  959! 

8.921103 
8.  26io 
8.  4112 

8.  5609 

51 

52 

53 

54 

55 

8-  71280 
8-  797r3 

8.  879S5 
8.  96102 
8.204070 

8.  08974 
8.  12867 
8.  16726 
8.  20551 
8.  24543 

8.  6543 
8.  9073 

8.701589 
8.  4090 
8.  6577 

8-  7011 

8.  8884 

8.830749 
8.  2607 

8.  4456 

8.  7100 
8.  8587 

8.930068 
8.  1544 

8.  3015 

51 

52 

55 

54 

55 

57 

58 

^9 

60 

8.  11895 
8.  19581 
8.  27133 

8-  54557 
8.  418^5 

8.  28102 
8.  31828 

8.  35523 
8.  39186 
8.  42819 

8.  9049 

8.71 1507 

8-  3952 

8  6583 

8.  8800 

8.  6297 

8.  8130 

8.  9956 

8.841714 

8.  3584 

8.  4481 

8.  5942 

8.  7398 
8.  8850 
8.940296 

56 

57 

58 

59 

60 

1 

A  Table  of  Logarithmic  Tangents . 

*29 

Min.r 

0  Deg. 

1  Deg.  1 

2  Deg 

3  Deg. 

4  Deg. 

Min. 

21 

7-78595* 

8.372291 

8.613189 

8.7674x7 

3,881202 

21 

23 

7.806154 

8.  77622 

8.  6261 

8.  9578 

8.  2869 

.22 

23 

7.  25460 

8*  82889 

8.  9313 

8. 771727 

8.  4530 

23 

24 

7*  4394; 

8.  08092 

8.622343 

8.  3866 

8.  618$ 

24  j 

2$ 

7.  61674 

8.  93*34 

8-  5352 

8-  5995 

8-  7833 

25  ! 

26 

7.  78708 

8.  98^15 

8.  8340 

8.  8114 

8.  9476 

26 

27 

7.  95099 

8.403338 

8-631308 

8.780222 

8.891112 

27 

28 

7.910894 

8.  08304 

8.  4256 

8.  2320 

8.  2742 

28 

:  29 

7.  26134 

8.  13213 

8.  7185 

8.  41 08 

8.  4366 

29 

30 

7.  40858 

8.  18068 

8.640093 

8.  6486 

8.  5984 

30  1 

31 

7*  55ioo 

8.  22869 

8.  2982 

8.  8554 

»•  7596 

31 

32 

7.  68889 

8.  27618 

8.  5853 

8.790613 

8.  9203 

32 1 

33 

7*  82253 

8.  32315 

8.  8704 

8,  2662 

8.900803 

33 

34 

7. 95219 

8.  36962 

8.651537 

8.  470 j 

y>.  2398 

34 

35 

8.007809 

8.  41560 

8.  4352 

8.  6731 

3.  3*87 

35 

36 

8.  20044 

8.  46110 

8.  7149 

8.  8752 

3-  557° 

36 

37 

8.  31945 

8i  50613 

8.  0928 

8.800763 

8.  7147 

37 

38 

8,  49527 

8.  55070 

8662689 

8.  2765 

8.  8719 

38 

39 

8.  54809 

8.  59481 

8.  5433 

8.  4758 

8.910285 

39 

40 

g.  65806 

8.  63849 

8.  8x6  0 

8.  6742 

8.  1846 

40 

4i 

8.  76531 

8.  68172 

8.6;  0870 

3.  8717 

8.  3401 

4K 

42 

8.  8 6997 

8.  72453 

8.  3563 

3.  0683 

8.  4951 

42 

43 

8.  97217 

8.  76693 

8.  6239 

8.  2641 

8.  6495 

43 

44 

8.107-202 

8.  80892 

8.  8900 

8.  4589 

8.  8034 

44 

45 

8  16963 

8.  8<o$o 

8.58  i  <44 

8.  6529 

8.  9567 

45 

4^ 

8.  26510 

80  89170 

8.  4172 

8.  8461 

8.92  1096 

46  - 

47 

8.  3585? 

8*  93250 

8.  6784 

8.820384 

8.  2619 

47 

43 

8.  44996 

8.  97293 

8.  9381 

8.  2298 

8.  4136 

48 

1  49 

8.  53952 

8.501298 

8  691963 

8.  4205 

8,  5649 

49 

50 

8.  62727 

|8.  05267 

3.  45,?9 

8-  6103 

8.  7156 

50 

51 

8.  7132S 

8.  09200 

8.  70^1 

7992 

8.  8058 

5 1 

52 

8.  7976-1 

8.  13098 

8.  9617 

8.  9874 

aP301 55 

52 

53 

8  88036 

8.  16961 

? 702139 

'8-.831748 

8.  1647 

53 

54 

8.  96156 

8 .  20/ 90 

|8.  4646 

8.  3613 

8.  3134 

54 

55 

8.204126 

8,  24586 

(Bo  7139 

8.  «;  47 1 

8,  4  6 1 6 

55 

56  8.  11953 

|8.  23349 

j.8»  96  >  8 

8.  7321 

8.  6094 

56 

57 

8.  1964* 

8.  32080 

8-712083 

1 0 «  9  •*  ^  3 

8.  7565 

57 

5 

8.  27195 

8-  35775 

8.  4534 

3.840998 

8.  90 

58 

59 

8.  34621 

8.  39447 

8.  6972 

8.  2824 

3.940494 

$9 

60 

8-  41921 

8.  43084 

8.  9396 

8.  4644 

8.  1952 

60 

*30  Logarithmic  Sines ,  Degr 

ees  5,  6,  7, 

1  00 

ro,  11 

,  12. 

Logarithms 

° 

1 

2  l 

3 

4 

5 

6 

7 

8 

9 

5.  0 

18.94.0295 

1738 

3174*4505 

6034 

74 

8874 

0287 

1696 

30QQ 

lo 

95  4499 

5894 

7284 

8670 

0052 

1429 

2801 

4*7° 

5534 

6893 

20 

96  8^49 

9600 

0947 

2289 

3628 

4962 

6293 

7619 

J  j  J  1 

5941 

7  J 

02  C  Q 

30 

98-i‘>73 

2883 

4189 

5491 

6789 

8083 

9374 

0660 

1943 

J7 

2222 

40 

99.4497 

$768 

7036 

8297 

955o 

0816 

2069 

33i8 

45*3 

5805 

5  0 

9.C0.7040 

8278 

9S1Q 

0737 

1920 

3182 

4400 

5613 

6824 

803I 

|6.  0 

01  0235 

0435 

16)2 

282-. 

40l6 

5203 

638  6 

7S67 

8  744 

9918 

10 

03.1049 

2256 

3421 

4582 

S741 

6895 

8048 

9  9  7 

°342 

^85 

1  20 

04.26.’.$ 

3762 

4895 

6026 

7154 

8279 

9400 

0519 

i63  5 

2748 

os. 3859 

49. .e 

ooyi 

7*72 

8271 

93*7 

0460 

155 1 

2639 

3723 

40 

06.4906 

5885 

6962 

8036 

9107 

0176 

1242 

2305 

33*6 

44 2  4 

50 

07.5480 

6533 

7583 

863  I 

9676 

0719 

1759 

2797 

3832 

4864 

7.  0 

oS  589416922 

794? 

8970 

9990 

1008 

2024. 

3037 

4°47 

5056 

10 

09.6061 17065 

8066 

9-65 

co  6 1 

1056 

2047 

3037 

4025 

5010 

20 

10.5992 

6973 

7951 

8921 

9901 

0S73 

1842 

2809 

3774 

4737 

30 

1 1. 5698 

6656 

7612 

8566 

|95‘9 

0469 

1417 

2362 

3306 

4248 

40 

12.518  7 

6125 

7060 

7993 

8925 

9854 

078 1 

1706 

2630 

355  1 

5° 

_ 134470 

s  3  87 

6303 

7216 

8 1 27 

S9037 

9944 

0850 

1754 

2655 

J  8.  0 

*4.355^ 

4453 

5  3  5® 

6243 

7136 

8026 

8915 

9801 

0686 

1569 

10 

15.2451 

3330 

4208 

5083 

5957 

6830 

7700 

8569 

9^35 

0300 

20 

1 6.1664 

2025 

2885 

3743 

4600 

5454 

6307 

7159 

8008 

885; 

3° 

16.9702 

0546 

1389 

1230 

3070 

3908 

4744 

5578 

6411 

7242 

40 

17.8072 

8900 

9726 

0551 

1374 

2196 

3016 

3834 

4651 

5466 

So 

18.6280 

7092 

7903 

^712 

9519 

0325 

1130 

1 933 

2  7  34 

3534 

1 9*  0 

194332 

5129 

5925 

6719 

7511 

8302 

9091 

9879 

0666 

I45I 

10 

20  2234 

3017 

3797 

4577 

5354 

6131 

6906 

7679 

8452 

9222 

20 

9992 

°7« 

1526 

2291 

305$ 

3818 

4579 

5338 

6097 

6854 

30 

21 .7609 

8363 

91  I 6  ;  9868 

0618 

1367 

2 1 15 

2861 

3606 

4349 

40 

22.5092 

5^35 

6572  j  73  I  I 

8448 

8784 

9518 

0252 

0984 

1714 

5o 

23  2444 

3172 

3899  4625 

5349 

6073 

6795 

75J5 

8235 

8953 

10.  0 

9670 

O386 

1 101 

18 .4 

2526 

3237 

3947 

4656 

363 

6o6q 

Io1 

24.6775 

7478 

8181 

8883 

95 =3 

0282 

0980 

‘6  77 

237S 

3067 

25 .3761 

445  3 

5H4 

5834 

6523 

7211 

7893 

8583 

9268 

995 1 

30 

26.0633 

1314 

!994 

2c73 

335i 

4017 

470*. 

5377 

60  r  l 

*723 

40 

7394 

"8065 

8734 

9402 

00^9 

0735 

1399 

2063 

27z6 

3388 

So 

27.494 

4708 

5807 ; 6024 

6681 

7337 

799  ‘ 

8644 

9297 

9948 

|  1 1.  0 

28.0599 

I248 

1897 

M44 

3190 

3*36 

4480 

5124 

5766 

6408 

10 

7018 

7687 

8326 

8964 

9500 

023s 

0870 

1504 

2 1  37 

1 

2768 

20 

29.3399 

4029 

4658 

■>286i 

5  9 1 3 

*539 

7104 

7788 

8411 

0024 

3° 

9655 

027  6 

0895 

I5I4 

2i32 

2748 

3564 

3979 

4593 

V  j  i 

c  207 

40 

30.5819 

6430 

7041 

7650 

8259 

8867 

9474 

0080 

0685 

3  / 

1 289 

50 

31.1893 

24  5 

3097 

3698 

4297 

48  :6 

5495 

6092 

66:8 

7 

72S4 

12,  O 

787  9 

^473 
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Logar.  Tangents,  Deg.  29,  30,  31,  32,  33,  34,  35,  36.  In.  9.  *37 
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The  Remainder  of  the  Logarithm  Tangents 
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Juft  Publifhed: 

•T^  H  E  Young  Mathematician’s  Companion :  Being  a  Com- 
pleat  Tutor  to  the  Mathematicks  ;  Whereby  the  Young 
Beginner  may  be  early  Inftru&ed  ;  thofe  who  have  loft  the 
Opportunity  of  learning  in  their  Youth  may  with  very  little 
Pains,  and  in  a  fhort  Time  become  Proficients  in  this  delight¬ 
ful  and  InftruCtive  Science,  and  fuch  whofe  Bufmefs  it  is  to 
teach,  may  receive  Ufeful  Afftftance.  Containing,  I.  Vulgar 
and  Decimal  Arithmetick,  Extraction  of  Roots ,  by  Natural 
Numbers,  and  by  Logarithms.  II.  Defcripton  and  Ufe  of 
the  SeCtor,  with  the  moft  ufeful  Definitions,  Theorems,  and 
Problems  in  Geometry.  III.  Plain  and  Spherical  Trigonome¬ 
try,  Aftronomy,  Dyalling,  and  Surveying  of  Land.  IV.  Curious 
Difcourfes,  calculated  to  render  a  Practical  Knowledge  of  the 
Mathematicks  more  eafy  and  familiar.  The  Whole  In- 
terfperfed  with  delightful  and  ufeful  Queftions,  and  adorned 
with  proper  Schemes  in  order  to  excite  the  Curiofity,  and 
form  the  Minds  of  Youth.  By  Charles  Leadbettery  Teacher 
of  the  Mathematicks. 

L  0  N  D  O  N:  Printed  for  J.  Hodges,  at  the  Looking - 
Glafs  on  London- Bridge.  (Price  bound  2  s.  6  d.) 

Where  likewife  may  he  hady 

Neatly  printed  in  OCtavo,  Price  bound  in  Calf  6  s. 

(  Founded  on  a  Plan  of  the  late  Mr  Addifon,  ) 

JmbelUJFd  with  a  large  Variety  of  Curious  Cuts ,  drawn  and 
engraven  by  the  bejl  Mafiers. 

APhilofophical  Account  of  the  Works  of  Nature :  Con¬ 
taining,  I.  The  feveral  Gradations  remarkable  in  ths 
Mineral,  Vegetable,  and  Animal  Parts  of  the  Creation  ; 
tending  to  the  Compofition  of  a  Scale  of  Life.  II.  A  Re- 
prefentation  of  the  prefent  State  of  Gardening  throughout 
Europe  in  general,  and  Great  Britain  in  particular.  III.  New 
Experiment  relating  to  the  Improvements  of  Barren  G  rounds. 
Timber-trees,  Fruit-trees,  Vines,  Sallads,  Pulfe,  and  all 
Kinds  of  Grain.  IV.  Obfervations  on  the  Husbandry  of 
Flanders ,  in  fowing  Flax,  whereby  Land  may  be  advanced 
Cent,  per  Cent.  By  R.  Bradley ,  F.  R.  S.  ProfeiTor  ot  Bo¬ 
tany  in  the  Univerfity  of  Cambridge. 
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